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INTRODUCTION 
The species Sorghum vulgare Pars, is thought to have originated in 
the tropics, and includes grain sorghum, sweet sorghum, Sudangrass, and 
broomcorn. As a world food grain, it ranks third behind rice and wheat. 
The grain is used in this country chiefly as feed for poultry, cattle, 
sheep and swine. It contains approximately 12 percent protein, 3 percent 
fat and 70 percent carbohydrate (29). 
With the discovery of cytoplasmic male sterility within the species 
the production of hybrid grain sorghums quickly became a reality. Hybrids 
have replaced the open pollinated varieties in production at a consider­
ably more rapid pace than was observed for the same transition with corn. 
However, the best field techniques for evaluating the rapidly increasing 
numbers of hybrids have not been firmly established. A prime objective 
of the investigations herein reported, therefore, was to evaluate critical­
ly and extensively the optimum size and shape of drilled plots for use in 
grain sorghum yield trials. 
Other objectives of the study were : (a) to compare the relative 
efficiency of various incomplete block designs in relation to randomized 
block designs for conducting yield tests, (b) to-investigate different 
planting arrangements which might be used for evaluating the performance 
of strains, and (c) to determine the optimum size of plot for hill-type 
plantings. The results obtained and a discussion of their relationship 
to grain sorghum breeding programs are presented herein. 
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REVIEW OF PERTINENT LITERATURE 
Size and Shape of Plot 
Numerous studies have been conducted since the turn of the century 
relative to size and shape of plots for field crop experiments. Bibliog­
raphies prepared by the American Society of Agronomy Committee on Stand­
ardization of Field Experiments (1, 2, 3, 4, 5), and the catalogue of 
uniformity trials compiled by Cochran (9) are readily available evidence 
of this. These publications deal primarily with investigations carried 
out prior to 19^ 0, and are valuable sources of references to uniformity 
trials up to that time. 
Since then additional studies along this line have been conducted 
with many crops, but relatively little has been reported for grain sorghum. 
The review herein presented will be limited to those reports that deal 
with sorghum, and to certain other crops considered to have particular 
bearing on the present study. 
A study which has had a particularly marked affect upon uniformity 
trial experimentation in general is the one reported by Smith (33), in 
which he developed a technique for indexing soil heterogeneity and cal­
culating optimum plot size. Around that time numerous experiments had 
been reported (21, 22, 26, 30, 42) wherein the results had been analyzed 
by studying the decrease in standard error, or coefficient of variability, 
associated with increase in plot size. When the coefficient of variation 
or standard error was plotted against plot size, the optimum plot size ' 
was taken as the point of maximum curvature of the resulting curve. 
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However, Smith (33) reasoned that this approach may give a biased answer, 
because the region of maximum curvature is dependent upon the scale of 
co-ordinates used for plotting values. He suggested that optimum plot 
size should be calculated by use of a regression value, b, computed by re­
gressing logarithms of plot yield variances on logarithms of associated 
plot sizes. This value, b, was used as an index of soil heterogeneity and 
was expected to vary from zero to minus one ; where zero denoted complete-
homogeneity and perfect correlation between adjacent plot yields, while 
minus one denotes a complete lack of homogeneity and no correlation. It 
later was pointed out by Brim and Mason (8) that a b value of minus one 
could be obtained on sites ranging from near-complete uniformity to ex­
treme heterogeneity, which if true would pose a question as to the relia­
bility of Smith's method. Nevertheless, an appreciable number of analyses 
of uniformity trial data have been conducted utilizing Smith's approach. 
Robinson et al. (31) used Smith's method to estimate optimum plot 
size from two year's uniformity yield data on peanuts. A two year average b 
coefficient of .57 was computed, arri used with various cost ratios to cal­
culate the optimum plot size for different cost estimates. Assuming 30 
percent of the total cost of a treatment was proportional to the size of 
plot, approximately 3.2 basic units was considered to be an optimum plot 
size. One basic unit consisted of a single row 12.5 feet long. With dif­
ferent cost ratios it was concluded that when the proportion of cost re­
lated to plot size is low, small plots are most efficient regardless of 
soil uniformity. 
Data from 1,088 plots of a soybean uniformity trial were used by 
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Weber and Horner (40) to compare the shape, size and cost of plots as 
related to determinations for seed yield, protein, oil content and iodine 
number. Different plot sizes and shapes were obtained through various 
combinations of the basic unit of 1 row-8 feet long. Respective b values 
of .6091, .6103, .4383, and .6708 were calculated for seed yield, protein 
content, oil percent, and iodine number. Optimum plot size was estimated 
to be 3.2 basic units, where determinations were to be made for all four 
criteria. The relationship of decreasing coefficient of variation with 
increasing plot size was considered and graphed. 
Several investigators have used Smith's method to estimate plot size 
in non-leguminous species. Draper (13) grew two uniformity tests of 
safflower under irrigated conditions. In one test, the basic unit con­
sisted of two rows 12 inches apart and 5 feet in length. The basic unit 
of the other test was identical except that rows were 4 feet long. Using 
b values of .4936 and .5^ 55 from the 4- and 5-foot tests respectively, 
optimum plot size was estimated to be 2.9 and 3.6 units. Thus an optimum 
plot size of 2 rows by 12 feet was estimated from the 4-foot test, and a 
plot 2 rows by 18 feet from the 5-foot test. 
Data from a uniformity trial of bromegrass was used by Wassom and 
Kalton (39) to estimate optimum plot size. Using regression coefficients 
and cost estimates in Smith's formula they found a plot 3.5 by 7.5 feet 
to be optimum. Another approach involving a measure of relative informa­
tion from comparable variances of each plot size and shape, as suggested 
by Keller (23), also was applied to their data and its applicability con­
sidered. 
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Frey and Baten (16) concluded from uniformity test data that the 
best oat plot would be a four-row plot, eight feet long, with the two 
center rows harvested for yield. 
The first investigations of plot size and shape in sorghum were re­
ported by Stephens and Vinall (34). They sub-divided a field of Feterita 
variety, planted in 40-inch spaced rows, into 2000 rod-row units. After 
studying the reduction in probable error associated with increasing plot 
size, they concluded that plots 2 rods by 10 rows or 2 rods by 5 rows 
would be sufficiently reliable for determinations of forage yield. 
Results of plot size studies with grain sorghums were first reported 
by Swanson (36). He harvested 400 single-row plots 2 rods long and 
spaced 40 inches apart from a field of Dawn kafir. No appreciable re­
duction in the probable error of grain yield determinations as associated 
with increase in size of the plot was noted after plot size increased to 
1/25 acre. 
Stickler (35) recently has published the results of two uniformity 
trials with Plainsman sorghum. In one test rows were spaced 14-inches 
apart, while 40-inch row spacings were used in the other experiment. He 
also reported on two additional tests with 40-inch row spacings, using 
the hybrids RS 610 in one test and KS 603 in the other. In each test 
400 basic plot units were harvested for grain yield. A basic plot unit 
consisted of 1 row-10 feet long under 14-inch spacing, and 1 row-five 
feet long under 40-inch spacing. Comparable variances, relative infor­
mation percentages and coefficients of variability for different plot 
sizes were calculated and used in the data analyses. No clear cut 
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estimate of optimum plot size was reported. Application of Smith's re­
gression technique resulted in average optimum plot size estimates ranging 
from a single row ?0.5 .feet to 90.5 feet long under 40-inch row spacings, 
and were considered unrealistic. Estimates of optimum plot size made from 
the experiment with 14-inch row spacings ranged from a single row 23.0 
feet long to one row 58.0 feet long. 
From sorghum uniformity trial data Webster^  reported' coefficients 
of variability calculated for different plot sizes, and found that single 
row plots 10 feet in length at 40-inch row spacings had as low a coef­
ficient of variability as plots 4 rows by 25 feet. Using the same data 
he obtained a, b, value of -.61, and estimated the optimum plot size to 
be from 2 to 4 units, when the basic unit was one row 5 feet in length. 
p 
Using coefficients of variability, Brown estimated the optimum plot size 
for grain sorghum yield tests in 40-inch spaced rows was either 4 rows 5 
feet long, or 2 rows 15 feet long. 
Plot size generally has received greater emphasis than plot shape in 
most plot technique experiments. However, plot shape also has received 
considerable attention in some studies. Compilation of the results of 
several investigations (23, 26, 30, 31, 36, 39) indicates that plot to 
plot variability generally is smaller among long-narrow plots than among 
short-wide plots. Orientation of the plots with respect to fertility 
•'"Webster, 0. G. Optimum plot size for grain sorghums. Sorghum 
Newsletter 2: 45-47. 1959. 
B^rown, A. R. Size of plot studies. Sorghum Newsletter 3: H. I960. 
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gradients may modify this relationship considerably. Stickler (35) 
estimated optimum plot shape by calculating variance ratios between dif­
ferent shaped plots, composed of equal numbers of basic units. No con­
sistent relationship for optimum shape was noted from field to field or 
year to year. A trend toward greater variation among long-narrow plots 
as opposed to short-wide plots was observed in one year, but the reverse 
of this relationship was observed the following year. He concluded that 
optimum plot shape is related highly to the direction and extent of soil 
productivity gradients, and thus may be of lesser importance than plot 
size in arriving at an optimum plot type for yield testing. 
Use of Incomplete Block Designs 
Blocks or groups within incomplete block designs are smaller than a 
complete replicate, and facilitate the removal of a portion of the ef­
fects of soil heterogeneity from random experimental error. This sub­
division of the experimental error is not possible with randomized com­
plete block designs. Incomplete block designs were introduced by Yates 
(41) and have since been utilized extensively in conducting yield trials 
of crop varieties. Consequently, many recent studies of field plot 
technique also have included comparisons of different types of experi­
mental designs. Various incomplete block designs have been superimposed 
on uniformity trial data, and their relative efficiencies compared to 
that of a randomized complete block design. 
Johnson and Murphy (18) concluded from the results of a uniformity 
test with oats that the relative precision of lattice square designs 
8 
exceeded that of triple lattices, and that triple lattices were superior 
to simple lattice designs for testing grain yield. Average precision for 
the lattice and lattice square designs in comparison to randomized com­
plete block designs ranged from 155 to 224 percent. Wassom (38) superim­
posed simple and triple lattice designs upon an experimental area planted 
to bromegrass. The area was divided into as many replicates as possible 
with each replicate containing k blocks of k plots, for different values 
of k. He concluded that increased precision generally may be expected 
with the usé of simple and triple lattice designs as compared to ran­
domized blocks. However, it was suggested that since bromegrass is 
perennial in growth habit, loss of plots due to winter killing may result 
in complications with regard to data analyses, and thus a randomized 
block design may be preferred under these conditions. 
Bancroft et al. (6) reported relative efficiencies for 38 simple 
lattice experiments with cotton in comparison with corresponding random­
ized block designs. After consideration of all aspects of field tech­
nique, they concluded that for cotton experiments there was little basis 
for favoring one design over the other. The average relative efficiency 
of the simple lattice designs for the 38 tests was approximately 11? per­
cent. Field work for both designs was considered equal, but the analysis 
of variance for a lattice required about 2 hours additional time. 
Keller (24) working with hops, and Elliott (14) with spring wheat, 
both pointed out that an increase in precision generally can be expected 
when a lattice rather than a randomized complete block design is used. 
Similar conclusions have been drawn by Cochran (10), Cox (11), and 
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Zuber (42) after examining the efficiency of lattice designs for yield 
testing in corn. 
According to Kramer and King-*- sorghum tests in Texas have been 
arranged in lattice designs for several years. The Texas workers have 
assumed that "For ordinary variety testing nothing can be lost from the 
use of lattices, but much can be gained in the way of efficiencies at 
some locations." Thus, from 39 triple rectangular lattice designs of 
3 replicates each, the average gain in efficiency for the lattice de­
signs relative to a randomized block design was 3^ .4 percent. Gains in 
efficiency for the lattice arrangements ranged from nothing to 197 percent 
for this group of experiments. 
On the other hand, and in contrast to most present thinking with re­
gard to application of experimental designs to crop research, Hoyle and 
Baker (17) are of the opinion that the procedures commonly employed for 
comparisons of yield, or other traits, give ambiguous and variable re­
sults. They feel that natural variation does not fit any classical, 
analysis arrangement of blocks, rows or columns. 
Planting Methods 
In general, thé results reported from plot technique experiments 
have been based on experimental plots that had been chosen more or less 
arbitrarily, as far as size and shape was concerned. However, the nature 
"^Kramer, N. W. and King, J. G. Efficiency of lattice designs in 
sorghum testing. Sorghum Newsletter 2: 77-78. 1959. 
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of experimental plots with regard to plant spacing between and within 
rows, undoubtedly has been influenced by cultural practices employed by 
farmers. In view of the high costs for labor and land associated with 
crop research and testing, interest in the modification of "standard" 
planting methods used in experimentation has resulted. 
In 1934, Jones et al. (19) introduced the ear-to-hill method for 
evaluation of lines of corn. Most present day corn breeders use this 
method only to a very limited degree. However, Jugenheimer (20) has 
used the method extensively and with success, both for the development 
of corn inbred lines and evaluation of hybrids. The main advantage 
cited for corn hill tests is that they permit the observation and test­
ing of a large volume of material on a relatively small area of land. 
Bennett and Bever (7) first suggested the use of head-hills as an 
evaluation technique for small grains, but they did not make direct com­
parisons of data obtained from hill-plots with data from standard size 
plots. Consequently, Ross and Miller (32) compared yields obtained from 
both hill and conventional drilled plots of spring-seeded oats and barley. 
The coefficient of variation was consistently higher in hill tests than 
in either nursery rod-row plots or large drill-plots, and yields differed 
significantly from those obtained in rod-row or drill plots. Better 
relationships between variety yields in hill tests and in drilled plots 
were noted with oats than with barley. Combined analyses indicated a 
significant variety by planting method interaction with both grains. 
Other measurements, such as heading date, test weight, plant height and 
lodging scores, were considered of little value because of difficulty in 
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measuring these characters in hill plots. They concluded that hill tests 
with small grains have value only as a supplement to present yield test­
ing methods, when large numbers of lines are to be. screened, seed supply 
is scarce and land for testing is limited. 
Leininger and Frey (25) accepted the hill-plot method as sufficiently 
precise for comparing relative variability in successive backcross gener­
ations of oats. They used a plot size of one hill, with a 1-foot spacing 
in perpendicular directions' between hills. Thirty seeds were sown in each 
hill, and plots were arranged in a randomized block design with 8 repli­
cates. 
No studies comparing sorghum yields in hill-plots with yields in 
conventional drill-row plantings have been published. However, Swanson 
(37) planted grain sorghum in hills spaced at intervals of 6, 12, 18 and 
24 inches within a row, with 40-inches between rows. Plant populations 
were kept constant by varying the number of plants per hill. He noted a 
variety by spacing interaction for grain yield, and obtained highest 
yields from the 6-inch spacings. 
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MATERIALS AND METHODS 
Data used in this study were obtained from plantings made at the 
Agronomy Farm, Ames, Iowa in 1959 and I960, Grain yields from the 1959 
uniformity trial planting were used to estimate optimum size and shape 
of drilled plots, and to compare relative efficiencies of incomplete-
versus randomized-block designs, for grain sorghum yield testing. Grain 
yields and tillering data from the I960 planting were used to study 
strain or genotype response under different planting arrangements, and 
to estimate optimum plot size for hill-type plantings. 
In 1959, field 1400-A was planted on May 26 to DeKalb C44a hybrid 
grain sorghum in rows spaced 40-inches apart. All rows were hand thinned 
to a uniform stand of 3-inches between plants. The entire area of 48 
rows, each 300 feet in length, was harvested by hand cutting in late 
October and early November. The field was divided into 2,880 single-row 
plots each 5-feet in length, with each "basic-unit" harvested, threshed 
and weighed individually. Prior to weighing, the threshed grain was 
dried to 8-10 percent moisture content. The grain weight for each basic-
unit was recorded in ounces on a "master sheet" to permit retention of 
the field arrangement of plot units. 
Different combinations of basic-unit yields were added together and 
recorded on additional sheets to facilitate the analysis for plots of 
different sizes and shapes. The plot sizes and shapes analyzed were 
limited to combinations up to and including 4-rows by 50-feet in length, 
using data from the entire planting wherever possible. Plots larger than 
this maximum dimension are not commonly used or considered desirable for 
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sorghum yield tests. Plot yields from the two outer rows on each side 
of the field were omitted from the analyses. Among plot variances, 
V(x). for all plot sizes and shapes were then computed, and three methods 
were used to estimate optimum plot size. 
The first of the three methods required the calculation of "relative 
information", a procedure applied to uniformity test data by several in­
vestigators (23, 35, 38). The among plot variance,'V(x)» was divided by 
the number of basic units comprising each plot from which this variance 
was calculated, to obtain a comparable variance, V. The comparable 
variance then was used to calculate percent information relative to the 
smallest plot size, i.e., one basic unit, which was assumed to yield 100 
percent information. Percent relative information was obtained by divid­
ing the comparable variance of basic-unit plots by the comparable var­
iances of other plot sizes. With this method, optimum plot size was con­
sidered to be that size which resulted in the highest percent relative 
information. 
The second method for estimating optimum plot size made use of the 
•uv 
equation x = y_—, as presented by Smith (33); in which x = number of 
basic units, b is a measure of correlation among adjacent plot yields, 
and K]_ and Kg are estimated cost factors associated with plots of varying 
size. K^  represents that portion of the total cost which is proportional 
to the number of plots per treatment, and Kg, is an estimate of the por­
tion of the total cost that is proportional to total area per treatment. 
Smith derived this equation after demonstrating that an empirical re-
lationship exists between plot size and plot variance. He expressed this 
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relationship with the formula Vx = ^ 1, where Vx represents the variance 
x^  
on a per-unit basis of plots containing x basic units, is the var­
iance for plots of one basic unit, and b is a measure of correlation 
among adjacent plot yields. 
When expressed in logarithms the relationship becomes log Vx = 
log V-L - b log x, and from this, b is estimated as a linear regression 
coefficient. In this study b was calculated from the equation: 
£wi log Vxi log xi - <^ wi log Vxi£wi log xi 
b 
= g-wl 
2 2 
wi(log xi) - (£wi log xi) 
£wi 
proposed by Federer (15), in which b is weighted according to the degrees 
of freedom associated with the variance for a given plot size. In.this 
equation, wi, represents the degrees of freedom associated with a given 
variance, Vx^ , of an individual plot on a per-unit basis, and is the 
number of basic units comprising the plots. The variance per basic unit, 
7X, is equal to the among plot variance, , divided by the square of 
the number of basic units comprising the plot, that is: V = ^ (x). 
x2 
The third method used was a modification of what has come to be 
known as the region of maximum curvature technique. With this method 
the coefficient of variability and/or the standard error is used as an 
indicator of optimum plot size. The technique used was to graph the 
coefficient of variability or standard error (y axis) against plot size 
(x axis). The optimum plot size was considered to be the point on the 
curve where the rate of change was greatest, or the region of maximum 
curvature. As mentioned previously, Smith (33) reasoned that this 
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approach may give a biased answer, because the region of maximum cur­
vature is dependent upon the scale of co-ordinates used for plotting 
values. However, in this study the region of maximum curvature was not 
believed to change when the scale of the x and y co-ordinates was varied, 
and was estimated with a reasonable degree of accuracy, using the fol­
lowing approach: 
Coefficients of variability were calculated and plotted against 
plot size. The equation of the resulting curve was estimated using the 
least squares method presented by Pearl (28). The first derivative, 
dy/dx, of this equation was taken, and slopes, (M), of tangent lines to 
the curve, for different values of x, were obtained. It was reasoned 
that successive tangent lines drawn to the curve at each value of x would 
have angles of intersection. These angles, as illustrated in Figure 1, 
were computed from the formula, tan 0 = M2 " M1 . as presented by McCoy 
1 + MgMi 
and Johnson (2?). Thus, the two tangent lines with the largest angle 
of intersection delineated the region of maximum curvature. This region 
was narrowed by sequential computations to tenths of a basic unit. 
This method, as presented, involved no consideration of relative 
costs for plots of varying size. Therefore, the calculated region of 
maximum curvature in terms of basic units was multiplied by an estimated 
ratio of the costs proportional to number and to area, to obtain an es­
timate of optimum plot size as influenced by both the number of basic 
units and relative costs, i.e.: 
Number of basic units = (Point of Maximum Curvature) (^ 1). 
%2 
The precision of incomplete block designs relative to randomized 
Figure 1. Sketch of the resulting curve when hypothetical 
coefficients of variability are plotted against plot 
size. Region of maximum curvature of sketched curve 
is shown to be delineated by tangent lines and Mg 
as indicated by largest angle # 
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blocks also was determined from the 1959 uniformity test data for three 
plot sizes; 1 row by 20 feet, 1 row by 25 feet, and 1 row by 50 feet. 
Data from single-row plots were used for these calculations because plot 
shape, ùp to and including 4-rows wide, was found to have no appreciable 
effect upon the magnitude of the coefficient of variability or comparable 
variance. Simple-, triple-, and balanced-lattice designs of 25, 49, 81, 
and 121 entries were superimposed upon the field area by use of paper 
overlays, cut to fit "master sheets" of the plot yields recorded in ac­
cordance with the actual field layout. The field was divided for each 
design into as many replicates as possible, with each replicate contain­
ing k blocks of k plots for the simple and triple lattice designs, and 
(k + 1) blocks of k plots for the balanced lattice designs. Replicate 
shape was kept as nearly square as possible for each design. 
The variance analyses were computed as outlined by Johnson and 
Murphy (18), and formulae used for obtaining effective error, terms were 
those presented by Robinson et_ al. (31). Relative efficiencies of the 
designs were calculated by dividing the randomized complete block error 
by the effective error of the incomplete block designs. 
In I960, twenty strains of grain sorghum were planted on June 1 in 
field 1200-B, using three plot types or planting arrangements. Both 
open pollinated varieties and single-cross hybrids were included among 
the 20 strains. The experimental design was a split-plot, replicated 
three times, with strains as whole plots and planting arrangements as 
sub-plots. One sub-plot consisted of three drilled rows spaced 40-inches 
apart, hand thinned to a spacing of 3 inches between plants. A second 
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sub-plot consisted of three rows spaced 20 inches apart, with single-
plant hills at 20-inch intervals in each row. The third sub-plot con­
sisted of four rows spaced 40-inches apart, with hills of two-plant s 
each at 40-inch intervals in each row. 
For grain yield determinations the central 16.66 foot section from 
the center row of each drilled plot was harvested and threshed in bulk. 
The ten central hills from the center row of the 20-inch hill plots were 
harvested and threshed individually. Similarly, the five central hills 
from each of the two center rows of the 40-inch hill plots were harvested 
and threshed as individual units. Tiller counts of head-bearing tillers. 
also were taken on an individual hill basis at harvest time from both 
hill-type plots. The threshed grain from all plots was dried to 8-10 
percent moisture content prior to weighing, and plot weights were re­
corded in ounces. 
Prior to computation of the analysis of variance, plot yields were 
coded to an equal land basis, by multiplying grain weights from the 
20-inch hill-plots by two, and dividing grain weights from the 40-inch 
hill-plots by two. Simple correlations also were computed to compare the 
relative performance of strains under the three planting arrangements. 
To estimate the optimum size of hill-plots, individual-hill yields 
from both 20- and 40-inch hills were recorded on separate "master sheets" 
in accordance with their field arrangement. Each set of hill-plot data 
was treated as a separate uniformity trial, with a basic unit of one hill. 
Basic units then were added together progressively to give hill-plots 
composed of different numbers of hills. To further simulate a uniformity 
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trial arrangement, the data for each derived plot size was analysed as 
though strains had been arranged in a randomized block design. This 
arrangement permitted the separation of replicate, and strain effects in 
the analysis. From each analysis the residual error was designated as 
the among plot variance, v(x)* Smith's (33) formula then was used to 
estimate the optimum size for hill-plots from both simulated uniformity 
trials. The "modified maximum curvature" technique previously outlined 
also was used to estimate optimum plot size, and the results compared 
with those obtained using Smith's approach. 
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EXPERIMENTAL RESULTS 
Results from the two field experiments have been placed in four 
sections for presentation as follows: (l) optimum size and shape of 
drilled plots, (2) relative efficiency of incomplete block designs, 
(3) comparisons of different planting arrangements for evaluating per­
formance of strains, and (4) optimum size of plot for hill-type plantings. 
Optimum Size and Shape of Drilled Plots 
Grain yields in ounces are listed for reference for each of the basic 
units of the 1959 uniformity test in Appendix Table 1?. The data are 
listed in accordance with the actual field arrangement of 60 ranges each 
containing 48 basic units (5 foot rows). Average grain yield for the 
entire area was 95»3 bushels per acre. 
The variances, coefficients of variability, and percent relative in­
formation calculated after basic unit yields were combined to constitute 
plots of varying size and shape, are shown in Table 1. The general re­
lationship between plot size and the coefficient of variability also is 
shown in Figure 2. Coefficients of variability plotted in Figure 2 for 
a specific plot size include all possible arrangements for plot shape of 
each specific number of basic units. Both the tabular and graphic por­
trayals show a progressive decrease for the coefficient of variability as 
plot size was increased. The rate of decrease, however, was not directly 
proportional to the increase in plot size, with a slower rate of decline 
evident for the larger sized plots. Techniques for identifying the point 
of maximum curvature for this type of plotting will be discussed later in 
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Table 1. Variances, coefficients of variability, and relative infor­
mation for drilled plots of various sizes and shapes, cal­
culated from 1959 grain sorghum uniformity trial yield data 
Plot size and shape 
No. of Width Length Among Variance Coeff. Compar- Relative 
basic (No. of (No. of Total plot per basic of var- able ihfor-
unitç rows) basic No. of variance unit lability variance mation 
plots) plots V(x) (Vx) (jo) (V) ($) 
1 1 1 2640 8.82 8.82 9.09 8.82 100.0 
2 2 1 1320 19.62 4.91 6.78 9.81 89.9 
3 3 1 900 34.11 3.79 5.97 11.37 77.6 
4 4 1 600 52.27 3.27 5.53 13.07 67.5 
2 1 2 1320 19.71 4.93 6.80 9.86 89.5 
4 2 2 660 50.41 3.15 5.44 12.60 70.0 
6 3 2 450 90.06 2.50 4.85 15.01 58.8 
8 4 2 330 141.85 2.22 4.56 17.73 49.7 
3 1 3 880 37.70 4.19 6.26 12.57 70.2 
6 2 3 440 91.78 2.55 4.89 15.30 57.6 
9 3 3 300 180.63 2.23 4.58 20.07 43.9 
12 4 3 220 263.41 1.83 4.14 21.95 40.2 
4 1 4 660 58.83 3.68 5.87 14.71 60.0 
8 2 4 330 139.71 2.18 4.51 17.46 50.5 
12 3 4 225 250.91 '1.74 4.05 20.91 42.2 
16 4 4 165 404.01 1.58 3.84 25.25 34.9 
5 1 5 528 83.91 3.36 5.61 16.78 52.6 
10 2 5 264 201.64 2.02 4.35 20.16 43.8 
15 3 5 180 377.91 1.68 3.97 25.19 35.0 
20 4 5 132 597.80 1.49 3.74 29.89 29.5 
6 1 6 440 109.20 3.03 5.33 18.20 48.5 
12 2 6 220 251.86 1.75 4.05 20.99 42.0 
18 3 6 150 458.39 1.41 3.65 25.47 34.6 
24 4 6 110 724.15 1.26 3.43 30.17 29.2 
10 1 10 265 249.32 2.49 4.83 24.93 35.4 
20 2 10 132 552.25 1.38 3.60 27.61 31.9 
30 3 10 90 1004.26 1.16 3.24 33.47 26.4 
40 4 10 66 1603.20 1.00 3.06 40.08 22.0 
Figure 2. Coefficients of variability versus drilled-plot size for 1959 grain sorghum 
uniformity trial yield data 
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the presentation, using data only from single-row plots. 
The comparable variances for plots of varying size also are listed 
in Table 1. These were used to calculate the percentage of information 
for each plot size in relation to the smallest, or basic, plot size. 
Comparable variances increased and relative information decreased as 
plot size was increased. This relationship was apparent irregardless of 
the shape or manner of combination of a specific number of basic plot 
units. Thus a plot of 2 basic units was indicated to be the optimum 
size with regard to percent relative information obtained. This approach, 
however, allows for no consideration of relative costs involved with the 
use of varying plot sizes. 
Comparable variances also were used to determine the effects of 
plot shape upon among plot variability. Comparable variances associated 
with different shaped plots, consisting of equal numbers of basic units, 
are shown in Table 2. In this table, the shape of plot for a given num­
ber of basic units which had the larger comparable variance, and the 
shape of plot having the smaller comparable variance, are listed for 
comparison. For each number of basic units listed the larger comparable 
variance was divided by the smaller comparable variance to obtain the F 
value. Using the two-tailed F test (12), the comparable variances for 
different shaped plots, composed of equal numbers of basic units, did not 
differ significantly for any of the comparisons. The results presented 
indicate that the shape or manner of combination of a given number of 
basic plot units, within the scope of this investigation, did not have 
an appreciable effect upon the among plot variance. Either the widening 
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Table 2. Coefficients of variability, comparable variance ratios, 
and F values calculated from 1959 grain sorghum uniformity 
trial yield data 
Plot size and shape 
No. of Width Length Coeff. of 
basic (No. of (No. of vari-
units rows) basic ability 
units) ($) 
Comparable 
variance 
(V) 
Degree 
of 
freedom 
Comparable 
variance 
ratio F 
2 2 1 6.?8 9.81 1319 9.86 
2 1 2 6.80 9.86 1319 9.81 
3 3 1 5.97 11.37 899 12.57 
3 1 3 6.26 12.57 879 11.37 
14.71 
4 1 4 5.87 14.71 659 12.60 
4 4 1 5.53 13.07 599 14.71 
4 2 2 5.44 12.60 659 13.07 
6 3 2 4.85 15.01 449 18.20 
6 2 3 4.89 15.30 439 15.01 
6 1 6 5.33 18.20 439 18.20 
15.30 
8 4 2 4.56 17.73 329 17.73 
8 2 4 4.51 17.46 329 17.46 
10 2 5 4.35 20.16 263 24.%2 
10 1 10 4.83 24.93 263 20.16 
12 4 3 4.14 21.95 219 21.95 
12 3 4 4.05 20.91 224 20.91 
12 2 6 4.05 20.99 219 21.95 
20.99 
20 4 5 3.74 29.89 131 29.8? 
20 2 10 3.60 27.61 131 27.61 
1.00 
1.11 
1.17 
1.14 
1.21 
1.19 
1.02 
1.24 
1.05 
1.05 
1.08 
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or lengthening of plots containing the same number of basic units re­
sulted in coefficients of variation of essentially the same magnitude. 
In order to estimate optimum plot size using Smith's (33) equation, 
it was necessary to determine the regression of plot variance on plot 
size, and to estimate the two cost factors, and Kg. A regression 
coefficient, b = .59^ 3, was calculated from the plot variance and plot 
size data of the 1959 uniformity test. Estimates of the proportion of 
operational costs attributable to plot size and plot number were arrived 
at through use of field records, and by the combined judgment of the 
writer and Dr. R. E. Atkins. An estimate of 68.8 percent was arrived at 
for the proportion of costs related to plot number, K^ , and a value of 
31.2 percent was assigned for the proportion of costs related to plot 
size, Kg. Itemized cost figures used for making the estimates are listed 
in Appendix Table 11. Substitution of the calculated values into Smith's 
equation gave an estimate for optimum plot size of 3*2 basic units, or 
from 15 to 20 feet of row. 
The relationship between the coefficient of variability and plot 
size for the 1959 uniformity test data is displayed by curve A of 
Figure 3* Only the single-row plot yield data for plots up to and in­
cluding 50 feet in length were used, in plotting this curve. Results pre­
sented previously had shown that varying the width of a plot within a 
given number of basic units did not have an appreciable effect on the 
coefficient of variability, and single-row plot lengths greater than 50 
feet are not used commonly in sorghum yield testing. The equations pre­
sented with curves B and C in Figure 3 were derived using the method of 
Figure 3- Coefficients of variability versus drilled-plot size for single-row plots from 
1959 grain sorghum uniformity trial yield data 
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least squares (28). These equations were used to locate more precisely 
the region of maximum curvature approximated by curve A. Two curves 
were derived for reasons which will be discussed later in the presenta­
tion. 
The sequence of calculations used to "pin-point" the region of 
maximum curvature to a tenth of a basic unit are shown for each curve in 
Appendix Table 12. For curve B the region of maximum curvature was es­
timated to be 1.65 basic units, and for curve C a value of 1.05 basic 
units was obtained. Since curve B is logarithmic and curve C is ex­
ponential, the average of the two calculated values, 1.35 basic units 
was considered to be the best estimate of the region of maximum curva­
ture. To calculate the optimum plot size, the estimated region of 
maximum curvature was substituted into the equation: 
Number of basic units = (Region of maximum curvature) %. 
K2 
Using this "modified maximum curvature" technique, optimum plot size 
was estimated to be 3.0 basic units, or 15 feet of row. This estimate 
is nearly identical with the estimate of optimum plot size obtained 
using Smith's method. Arrival at essentially the same optimum plot size 
through use of the two methods of calculation appears to establish a close 
relationship between the "modified maximum curvature" technique and 
Smith's method as procedures for estimating optimum plot size for grain 
sorghum yield testing. 
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Relative Efficiency of Incomplete Block Designs 
To determine the efficiency of various incomplete block designs 
relative to a randomized block arrangement, the uniformity test yields 
for single-row plots 20, 25, and 50 feet in length were used. Single-row 
plots were chosen for the analyses since shape of plot had been shown 
previously to have no appreciable effect upon among plot variance. 
Single-row plots of 20 and 25 foot length currently are widely used for 
sorghum yield tests, while a 50 foot row represents an upper extreme 
among row lengths currently used for yield testing. 
A summary of the relative efficiency values obtained from the 
analyses for various sizes and types of lattice designs superimposed on 
the uniformity data is shown in Table 3. The 5 by 5 simple lattice de­
sign imposed upon 20-foot plots, gave the greatest range in relative ef­
ficiencies (100.1 - 151.3 percent), while the 9 by 9 simple lattice im­
posed upon 50-foot plots gave the smallest range, (102.8 - 102.9 percent). 
Although certain lattice designs imposed upon various areas of the ex­
perimental field resulted in sizable gains in relative efficiency, the 
average relative efficiencies for all types of incomplete block designs 
were quite low. The lowest average relative efficiency obtained was 
100.3 percent for the 9 by 9 balanced lattice imposed upon 25-foot 
plots; and the highest was 119.9 percent, obtained for the 11 by 11 sim­
ple lattice imposed upon 25-foot plots. 
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Table 3* Relative efficiencies of incomplete block designs compared 
with randomized complete blocks, calculated from 1959 grain 
sorghum uniformity trial yield data 
No. of No. Plot Relative efficiency 
Lattice design3 repli­ of length (%) 
cates tests (feet) Average Range 
5 x 5  Simple 2 12 20 108.3 100.1 - 151.3 
5 x 5  Simple 2 9 25 106.0 100.1 - 126.3 
5 x 5  Simple 2 6 50 105.6 100.0 - 128.0 
5 x 5  Triple . 3 8 20 106.6 100.0 - 135.8 
5 x 5  Triple 3 6 25 106.0 100.5 - 116.4 
5 x 5  Triple 3 4 50 107.1 100.0 - 125.0 
5 x 5  Balanced 6 4 20 103.8 100.3 - 110.4 
5 x 5  Balanced 6 3 25 104.9 102.6 - 107.5 
5 x 5  Balanced 6 2 50 103.3 102.1 - 104.5 
? x 7 Simple 2 6 20 111.9 100.1 - 128.3 
7 x 7  Simple 2 4 25 108.0 100.1 - 118.0 
7 x 7  Simple 2 3 50 101.0 100.2 - 101.8 
7 x 7  Triple 3 . 4 20 106.1 101.4 - 117.2 
7 x 7  Triple 3 3 25 106.8 106.6 - 111.4 
7 x 7  Triple 3 2 50 102.7 101.4 - 103.4 
7 x 7  Balanced 8 2 20 113.0 104.5 - 121.4 
7 x 7  Balanced 8 1, 25 106.0 - -
7 x 7  Balanced 8 lb 50 101.0 - -
9 x 9  Simple 2 4 20 104.6 100.0 - 117.3 
9 x 9  Simple 2 4 25 102.1 100.0 - 108.3 
9 x 9  Simple 2 2 50 102.9 102.8 - 102.9 
9 x 9  Triple 3 3b 20 109.3 100.1 - 125.6 
9 x 9  Triple 3 3 25 102.2 100.0 - 104.2 
9 x 9  Triple 3 1 50 104.2 - -
C^alculations using 50 foot plots were not made for the 9x9 
balanced lattice and 11 x 11 triple lattice; and for all plot sizes of 
tjtie 11 x 11 balanced lattices, due to insufficient data for complete 
replicates. 
Y^ields from a few plots used twice in order to obtain complete 
replicates. 
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Table 3« (Continued) 
No. of No. Plot Relative efficiency 
Lattice design3 repli­ of length 
cates tests (feet) Average Range 
9 x 9  B a l a n c e d  10 1 20 103.6 _ 
9 x 9  B a l a n c e d  10 1 25 100.3 — — 
11 x 11 Simple 2 2 20 104 A 102.0 - 106.7 
11 x 11 Simple 2 2 25 119.9 117.5 - 122.2 
11 x 11 Simple 2 1 50 108.3 — — 
11 x 11 Triple 3 2 20 107.5 106.6 - 108.4 
11 x 11 Triple 3 2 25 114.8 111.2 - 118.3 
Comparisons of Planting Arrangements for Evaluating 
Performance of Strains 
Testing procedures for evaluating grain sorghum strains have not 
been investigated extensively. Planting arrangements and plot types 
currently used have been based largely on investigations reported for 
similar crops, and on practices adapted for large scale production. 
Modifications of current testing procedures which might make more ef­
ficient use of land, labor, and seed supplies should be of considerable 
interest and value to sorghum breeders. An important consideration 
relative to the desirability and value of any modified testing procedure 
would be how it compares with methods used currently in the evaluation 
of strains. This should be especially true when the suggested modifi­
cation would result in a marked change in planting methods or in arrange­
ment of plants within the experimental unit. Results from the I960 
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plantings were used for an evaluation of three planting methods, and for 
comparing the relative performance of a number of sorghum strains under 
the different planting arrangements. 
Individual-hill grain yields and tiller counts for the 20- and 40-
inch spaced hills, are presented for reference in Appendix Tables 18 and 
19. Yields from drilled plots 16.66 feet long are presented in Appendix 
Table 20. The analyses of variance for grain yield and tiller number, 
calculated after yield data had been coded to an equal land.basis, are 
shown in Table 4. Differences among strains for both yield and tiller 
number exceeded the 1 percent level of probability for all planting ar­
rangements . On an equal land basis, Martin, Midland, DeKalb C 44a, and 
PAG 515-S produced their highest yields in the drilled rows. All other 
entries yielded best in 20-inch hill-type plots. RS 610 had the highest 
yield for the average of all planting arrangements, with an average 
yield of 100.8 bushels per acre. In the yield analysis, the effects 
due to planting arrangement were shown to be non-linear. In both the 
yield and tiller number analyses, the interaction of strains with plant­
ing methods exceeded the 1 percent level of probability. 
The response of strains to planting methods, also was compared 
through the use of simple correlations. Coefficients of correlation 
calculated for the performance of strains under the three planting ar­
rangements are shown in Table 5- Although interaction of strains with 
planting arrangements was indicated by the variance analysis, the relative 
yield ranking of strains by the different planting arrangements, as 
measured by the correlation coefficients, generally was similar. 
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Table 4. Analyses of variance for grain yield and tiller number for 
I960 hill versus drilled-plot sorghum experiment 
Source of variation Degrees of 
freedom 
Mean Squares 
Grain yield Tiller number 
Replicates 
Strains 
Replicates x strains E(a) 
Planting arrangements 
Non linear effects-
Linear effects 
Strains x planting arrangement 
Pooled error E(b) 
2 
19 
38 
1 
1 
38 
80 
6.31 
1,384.05 
192.36 
38,479.60** 
76,763.13 
19%.08,. 
260.22 
121.12 
94.03.* 
376.45** 
3°.91 
12,772.04** 
102.02** 
27.95 
Average coefficient of variation (*) 15.7 9.7 
F exceeds the 1 percent level of probability. 
Coefficients of correlation for yield among all planting arrangements 
exceeded the 1 percent level of probability. A comparison of ranked 
mean yields for the 20 strains at each planting arrangement is presented 
in Table 6. While a ranked comparison of this type admittedly has 
limitations, certain associations are apparent. The 4 superior yielding 
strains were delineated clearly, (with the exception of Northrop King 
210), from the 4 very low yielding strains under 40-inch hill plantings 
as well as under drilled plantings; though a less clear cut classification 
of strains of intermediate yield potential was observed. From these re­
sults it appears that 40-inch hill-type plots should be effective for 
preliminary yield testing of large numbers of strains, as a means of 
screening the markedly superior and inferior yielding strains from a 
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Table 5- Correlation coefficients for grain yield and tiller number 
of 20 sorghum strains grown under three planting arrange­
ments in I960 
Planting arrangements correlated ra 
Drill plot yield and: 
20" hill-plot yield 0.63 
40» hill-plot yield 0.72 
** 
** 
20" hill-plot yield and: 
40" hill-plot yield 0.58** 
20" hill-plot yield and: 
20" hill-plot tiller number -0.03 
40" hill-plot yield and: 
40" hill-plot tiller number ~ -0.l6 
20" hill-plot tiller number and: 
40" hill-plot tiller number 0.81 
** 
*18 degrees of freedom for all correlations. 
**. 
F exceeds the 1 percent level of probability. 
population. However, it should be realized that although the 40-inch 
hill-type plots allowed for an acceptable comparative test of strains, 
they gave a poor estimate of potential yield of the strains, on an acre 
basis. On the other hand, 20-inch hill-type plots gave a more realistic 
estimate of potential yield, compared to drilled plots, but an unac­
ceptable comparison of relative yield of strains. 
A significant correlation for tiller number in 20- and 40-inch 
hill-plots also is shown in Table 5« However, no association between 
tiller number and grain yield was indicated for either of the hill-type 
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Table 6. Ranked mean yield of 20 sorghum strains grown under three 
planting arrangements in I960 
Drilled-plots 20-inch hill plots 40-inch 
Strain hill plots 
rank bu./acre rank bu./acre rank bu./acre 
PAG 515-S 1 107.9 10 117.0 1 76.2 
Northrup King 210 2 101.8 12 103.8 15 57.4 
RS 610 3 99.5 1 134.1 3 68.8 
RS 650 4 98.6 5 115-3 4 67.9 
Texas 660 4 98.6 6 110.7 5 66.3 
Midland 4 98:6 14 95.1 16 57.1 
Martin 5 94.8 15 92.7 18 50.3 
Kafir 60 6 93.0 9 106.3 17 53.3 
DeKalb E 56A 7 92.0 11 104.4 7 64.7 
Texas 620 8 91.6 4 116.0 9 61.6 
RS 501 9 91.1 3 116.9 8 64.5 
Steckley R 111 10 89.2 2 117.0 12 6o .8 
RS 608 10 89.2 8 109.5 10 61.3 
Northrup King 3000 11 87.4 13 97.7 14 58.5 
Texas 601 12 86.4 2 117.0 6 65.4 
DeKalb F 63 13 85.0 7 109.7 11 61.0 
Plainsman 14 84.1 16 89.1 13 58.7 
DeKalb C 44a 15 82.7 18 72.2 2 70.7 
Norghum 16 70.1 17 88.7 19 48.4 
Reliance 17 59.3 19 65.1 20 28.0 
Mean yield (bu./acre) 92.4 102.1 58.3 
plantings. Apparently the larger heads produced under low tillering 
conditions were equally as effective as a greater number of smaller 
heads in the final expression of yield. 
Optimum Size for Hill Plots 
For the estimation of optimum size of plot for hill-type plantings, 
a simulated uniformity trial arrangement, was imposed on the I960 yield 
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data from individual hills, both for the 20- and 40-inch spaced plant­
ings. The analyses of variance used to remove strain and replicate 
variability, and to calculate the among plot variances, V(x), and coef­
ficients of variability associated with different sized plots, are pre­
sented in Table 7. Hill plot sizes were selected in a manner which 
allowed the use of at least 80 percent of the individual hill yields 
for each comparison. Different plot sizes were obtained by adding 
sequential combinations of consecutive hill yields. 
The among plot variances, , coefficients of variability, and 
percent relative information calculated from the yield data for both 
plot types are presented in Table 8. For both types of hill-plots the 
comparable variance was found to increase and the percent relative in­
formation decrease as plot size was increased. On the basis of relative 
information obtained the optimum size for hill-plots, at both spacings, 
was estimated to be two basic units, (two hills), 
The coefficient of variability decreased with increased plot size 
for both types of hill-plots. The general decreasing relationship 
observed between plot size and the coefficient of variability is shown 
for the two types of hill plots respectively, in Figures 4 and 5 
(Curves D and G). Coefficients of variability obtained for both types 
of hill-plots containing low numbers of basic units were relatively 
high, and plot sizes of the order of 10 hills were necessary to obtain 
coefficients of variation approaching those commonly obtained with con­
ventional drilled-row tests. However, plots containing 4 or 5» 20-inch 
hills, or only 3 or 4, 40-inch hills, gave coefficients of variability 
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Table 7• Analyses of variance for grain yield used to calculate among 
plot variance, V(x), for simulated hill plot uniformity trial 
of sorghum grain in I960 
Plot Uniformity trial 
size Degrees mean squares 
(No. of of 20-inch 4O-inch 
basic Source of variation freedom hill-plot hill-plot 
units) 
1 Replicates 2 4.22 78.08 
Strains 19 18.46 160.58 
Error V(x) 578 1.84 8.15 
Coeff. of variation (£) 24.5 20.8 
2 Replicates 2 6.50 161.70 
Strains 19 37.45 320.73 
Error V(x) 2?8 4.?? 18.76 
Coeff. of variation ($) 17.0 15.8 
3 Replicates 2 2.95 171.03 
Strains 19 49.30 449.94 
Error V(x) 158 a 7.26 ?4.?0 
Coeff. of variation ($) 16.2 14.2 
4 Replicates 2 6.94 168.16 
Strains 19. 62.46 547.53' 
Error V(x) 98 10.22 47.54 
Coeff. of variation (%) 14.4 12.5 
5 Replicates 2 11.43 390.36 
Strains 19 65.90 802.89 
Error V(x) 98 17.49 75.42 
Coeff. of variation (^ ) 15.2 12.7 
6 Replicates 2 31.91 525.23 
Strains 19 137.72 1146.16 
Error V(x) 98° 16.71 106.97 
Coeff. of variation (%) 12.4 12.6 
a90 percent of hill plots used. 
b80 percent of hill plots used. 
c20 percent of hill plots used twice. 
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Table 7. (Continued) 
Plot 
size 
(No. of 
basic Source of variation 
units) 
Uniformity trial 
Degrees mean squares 
of 20-inch 4O-inch 
freedom hill-plot hill-plot 
10 Replicates 2 29.22 780.72 
Strains 19 186.05 1605.81 
Error V(x) 38 40.15 273.98 
Coeff. of variation (%) 1 11.4 12.1 
which may be sufficiently low for preliminary screening of a population 
for yield potential. Coefficients of variability for the 40-inch hill 
plots generally tended to become lower with a lesser number of hills, as 
compared with this relationship in the 20-inch hill plots. 
For the estimation of optimum size of hill-plots using Smith's 
formula, operational cost estimates for both simulated trials were de­
termined in accordance with procedures outlined previously. Detailed 
listings for the various cost estimates are presented in Appendix Tables 
13 and 14. For the 20-inch hill-plots the respective estimates of 
and Kg costs were $0.3 and 49.7 percent, while estimates of 62.2 percent 
for K^  and 37.8 percent for Kg were obtained for the 40-inch hill-plot 
data. The b values calculated for the 20-inch and 40-inch hill data 
were .6885_and .5945, respectively. Substitution of these values into 
Smith's equation resulted in an estimate of 2.2 basic units (2 to 3 
hills) for the optimum plot size of 20-inch hill plots. For the 40-inch 
hill-plots an estimate of 2.4 basic units (2 to 3 hills) was obtained. 
Table 8. Among plot variances, coefficients of variability, and relative information for grain 
yield of simulated hill-plot uniformity trials grown in,I960 
Size of Among Variance 
plot Degrees plot per basic Coefficient Comparable Relative 
(No. of basic of variance unit of variability variance information 
units) freedom V(x) (Vx) (*) (v) (2) 
20-inch hill-plot uniformity trial 
1 578 7.36= 7.36 24.5 7.36 100.0 
2 278 17.32 4.33 . 17.0 8.66 85.0 
3 158 29.04 3.23 16.2 9.68 76.0 
4 98 40.88 2.56 14.4 10.22 72.0 
5 98 69.96 2.80 15.2 13.99 52.6 
6 98 66.84 1.86 12.4 11.14 66.1 
10 38 160.60 1.61 11.4 16.06 45.8 
40-inch hill-plot uniformity trial 
1 578 8.15 8.15 20.8 8.15 100.0 
2 278 18.76 4.69 15.8 9.38 86.9 
3 158 34.30 3.81 14.2 11.43 71.3 
4 98 47.54 2.97 12.5 11.89 68.5 
5 98 75-42 3.02 12.7 15-08 54.0 
6 98 106.97 2.97 12.6 17.83 45.7 
10 38 273.98 2.74 12.1 27.40 29.7 
aAmong plot variances for 20-inch hill-plot data were coded to avoid use of negative 
logarithms to calculate b. All variances were multiplied by four. 
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The two simulated uniformity trials presented an opportunity to 
further compare the "modified maximum curvature" technique with Smith's 
method for estimating optimum plot size. Curves drawn using the equa­
tions derived by the least squares method are shown in Figures 4 and 5» 
The relationships between coefficient of variability and plot size are 
portrayed therein for the simulated uniformity trials, using yield data 
from both types of hill-plots. The curves D and G, sketched to approx­
imate the relationship between the observed coefficients of variability 
and plot size, also are included in these figures. Sequential calcula­
tions for.identifying the region of maximum curvature in tenths of a 
basic unit are presented for curves E and F in Appendix Table 15, and 
for curves H and I in Appendix Table 16. 
Following the procedure outlined on page 15, curve D was estimated to 
have the greatest curvature, per unit of the x axis, in the region of 2.5 
basic units. As mentioned, the and Kg cost estimates for 20-inch hill-
plots were 50.3 - and 49.7 percent, respectively. From these values the 
optimum size for 20-inch hill-plots was found to be 2.5 basic units, or 
from 2 to 3 hills. This estimate compares very closely with the estimate 
of 2.2 basic units (2 to 3 hills) obtained with Smith's method. 
Similarly, curves H and I were used to estimate the region of maximum 
curvature for curve G. The greatest rate of curvature was determined to 
be around 1.6 basic units. Cost estimates associated with the 40-inch 
hill-plots were 62.2 percent for Kj_, and 37.8 percent for Kg. Using these 
estimates the optimum size for 40-inch hill-plots was determined to be 2.6 
basic units, or from 2 to 3 hills. An identical estimate of optimum plot 
size for the 40-inch hill-plots had been determined previously using 
Smith's method. 
Figure 4. Coefficients of variability versus size of 20-inch hill-plots from simulated 
uniformity trial yield data, i960 
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Figure 5. Coefficients of variability versus size of 40-inch hill-plots from simulated 
uniformity trial yield data, I960 
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DISCUSSION 
Replicated field experiments are an integral part of all crop breed­
ing programs. They serve in firmly establishing variety and strain dif- • 
ferences for yield and other agronomic traits. Results from these ex­
periments generally are the major criteria upon which the retention or 
rejection of strains is based. As a result crop breeders have refined 
planting and harvesting techniques to minimize the experimental error 
associated with these tests, and have used statistical procedures exten­
sively to analyze variability observed in the populations being evaluated. 
The incorporation of statistical procedures into crop breeding schemes 
has served to emphasize the importance of determining the optimum size 
and shape of plots for use in field experiments, as the individual plot 
is the basic unit for all statistical analyses. Furthermore, the fact 
that crop species usually differ in their response to environmental com­
ponents such as the availibility of light, moisture and nutrients under 
different planting arrangements, suggests that a plot size and shape 
satisfactory for experiments with one species may or may not be suitable 
for experiments with another. As investigations of this nature with 
grain sorghum have been very limited in number, the results of this study 
should, be of considerable interest and value to those associated with 
grain sorghum breeding and testing programs. 
The shape of drilled-plots was found to be of little importance in 
modifying the magnitude of comparable variances and coefficients of vari­
ability associated with the yields from different shaped drilled-plots 
consisting of equal numbers of basic units. The results presented 
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indicate that for drilled plots of a given size the arrangement of basic 
units within the plot can be accomplished in any one of several different 
ways to suit the desires or needs of the investigator. However, it should 
be taken into consideration with regard to the planning of field experi­
ments that strong effects of plot shape on measures of relative variability 
are indicative of soil heterogeneity. Therefore plot shape likely would 
be of considerable importance when experimental areas are known to be 
highly variable. For the studies herein reported it might logically have 
been anticipated that plot shape would not have an appreciable effect 
upon the comparable variances or coefficients of variability obtained, 
because the regression coefficient (.59^ 3) obtained from regressing the 
logarithum of the variance of a basic unit on the logarithum of plot 
size, in analysis of the uniformity test data implied at least a moderate 
degree of soil uniformity within the experimental area. 
It was not considered feasible to study the effects of hill-plot 
shape on plot variability for the simulated hill-plot uniformity trials 
for two reasons. Firstly, the addition of hill-plot yields across whole 
plots to form hill-plots of various widths would net permit separation 
in the variance analysis of the variation due to strains from the among 
plot variance. Secondly, the addition of individual hill yields within 
whole plots, but across replicates to form hill-plots up to three rows 
wide, would not allow the removal of replicate effects from the among 
plot variances. 
Increases in plot size above the basic unit level were observed to 
have an appreciable effect in reducing the magnitude of the various 
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measures of variance per basic unit, for both the drilled- and hill-type 
plots. The estimate for optimum drilled-plot size of 15-20 feet in 
length, where operational cost factors were considered, appears to be a 
realistic and economical plot size, and compares favorably with the plot 
size (1 row 20-25 feet in length) most commonly used at the present time 
for grain sorghum yield tests. However, the coefficient of variability. 
(9.1 percent) associated with drilled plots consisting of a single basic 
unit, indicates that plots as small as a single'5-foot row could be used 
effectively for evaluating the relative yield of new strains when seed 
supplies are limiting. 
The "modified maximum curvature" technique used to calculate optimum 
plot sizes, gave results which compared closely with those obtained using 
Smith's regression method. The question of whether or not this-technique 
would give as favorable comparative results for data obtained with other 
crop species can only be speculated upon at present. At any rate the 
technique could readily be tested with existing published data since it 
is not difficult to apply. It is merely a modification of the maximum 
curvature technique used in the past, and the same basic assumptions and 
reasoning are involved. It provides a means of utilizing the greatest 
rate of decrease in variance per basic unit, associated with an increase 
in plot size, to select a plot size which will give a low level of var­
iance per basic unit and still be small enough for utility and practical­
ity of use in yield testing of large numbers of strains. This decreasing 
relationship is reflected by the curves A, D and G, (Figures 3, 4 and 5)» 
obtained when coefficients of variability were plotted against plot size. 
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The decreasing relationship is reflected by the curves presented 
because the coefficient of variability as computed in this experiment, 
V is equal to (x) ; where is the among plot variance associated with 
x 
plots of a given size, and x is a measure of plot size in terms of yield, 
since it is the average yield of plots of a given size. The direct re­
lationship between the variance per basic unit and plot size is given 
by ^ (x). where'x is plot size in terms of,basic units. Therefore, the 
x% 
general relationship between coefficient of variability and plot size is 
the same as that between variance per basic unit and plot size. 
With regard to the mechanics for use of the technique, two equations 
were derived to represent the decreasing relationship and to calculate 
the region of maximum curvature for each of the three curves. In each 
case one equation was exponential and the other logarithmic in nature, 
(Figures 3» 4 and 5) • These two types of functions were chosen because 
Smith contends that the relationship probably is represented by an ex- . 
ponential equation of the nature, y = a ; where x represents plot size, 
—ET 
a refers to a constant and b is a power of x. However, the writer felt 
a logarithmic function of the nature: y = a would express the 
(1 + log x)b 
relationship more accurately. The analyses of variance used to determine 
the "goodness of fit" of the derived equations are shown in Table 9. 
Although all proposed equations were acceptable for expressing the 
decreasing relationship, the mean square due to deviations from each 
logarithmic function was less than that due to deviations from its ex-
pontial counterpart. Therefore, both types of equations were used and an 
average estimate was calculated and taken as the best estimate of the 
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Table 9. Analyses of variance when observed coefficients of variability 
were regressed upon plot size according to derived exponential 
and logarithmic functions for both drilled-plot and simulated 
hill-plot uniformity data 
Source 
of 
variation 
Degrees 
of 
freedom 
Mean Squares for derived 
(B)Logarithmic (C)Sxponential 
curve: 
(E)Logarithmic 
Regression 1 10.98** 7.98* 106.61**" 
Devs. from reg. 5 .20 .80 .78 
(F)Exponential (H)Logarithmic (i)Sxponential 
Regression 1 103.53** 55.10** 51.64** 
Devs. from reg. 5 1.39 .55 1.25 
*F exceeds the 5 percent level of probability. 
**F exceeds the 1 percent level of probability. 
region of maximum curvature of the. curve they were each derived to 
represent. 
At times seed supplies may be inadequate to plant plots of the 
optimum size, or the mechanical equipment available may require a larger 
plot. In such cases the plant breeder may wish to alter the plot size 
and increase or decrease the number of replicates planted to retain the . 
experimental sensitivity necessary for detecting a desired level of dif­
ferences in yield among entries. Calculations were made to determine the 
number of replicates necessary to detect yield differences of 10- and 
20 percent of an entry mean when single row drilled- or hill-type plots 
of different sizes were used. A summary of these calculations is pre­
sented in Table 10. 
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Table 10. Estimated number of replicates needed to detect differences 
of 10- and 20 percent of an experimental mean if different 
sized drilled - 20-inch hill- and 40-inch hill-type plots 
are used 
Replicates needed 
Plota 
size Drilled-plots 20-inch hill-plots 40-inch hill-plots 
10% 20$ 10$ 20$ 10$ 20$ 
1 7 2 48 12 35 9 
2 4 2 24 6 20 5 
3 4 2 21 6 17 5 
4 '3 2 17 5 13 4 
5 3 2 19 5 13 4 
6 3 2 13 4 13 4 
10 2 2 11 3 12 3 
aPlot sizes are in terms of basic units. A drilled-plot basic 
unit was one 5-foot row. A 20- and 40-inch hill-plot basic unit was a 
single hill. 
The number of replicates needed to detect differences of the magni­
tudes indicated in the table were computed from an equation presented by 
Keller (23). Before his equation could be used it was necessary to de­
termine how large a difference proposed experiments should detect. Thus, 
it was concluded from a 5-year summary of yield trials conducted at six 
locations in Iowa, that detecting a difference of 10 percent of an entry 
mean would be acceptable for conducting yield tests of hybrids. For 
preliminary testing of experimental' hybrids it was concluded that detect­
ing a difference of 20 percent of an entry mean should be adequate since 
the range in yield among such relatively unselected materials should be 
considerably greater than the range among hybrids currently in production. 
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Results obtained in this experiment concerning the differential 
response of strains to planting arrangement are of considerable interest 
from a crop management standpoint. When hill-plot yields were adjusted 
to an equal land basis and compared with conventional drill plot yields 
it was found that the 20 strain mean yield was around ten bushels per 
acre higher when the strains were grown in 20-inch hill plots, (Table 6). 
Thus, it appears that to attain maximum production from present day 
grain sorghum hybrids and varieties, critical evaluations of strains 
for their relative expression of yield potential under different plant­
ing arrangements are needed. However when one considers the number of 
strains currently being developed and the possible number of variations 
in planting arrangements the scope of such an evaluation becomes exceed­
ingly large and beyond the means available currently to most, if not all, 
sorghum improvement programs. Thus, out of necessity evaluations of 
this nature would have to center around only the most promising strains 
adapted to a given area. 
54 
SUMMARY AND CONCLUSIONS 
1. Grain yield data obtained in 1959 from a uniformity test of 
DeKalb C44a hybrid grain sorghum, were used to estimate the optimum 
size and shape of plot for conducting yield tests using rows drilled at 
40-inch spacings. After the effects of plot shape on several measures 
of relative variability were found to be negligible, various simple-
triple- and balanced lattice designs were imposed upon the yields for 
single-row plots 20-, 25- and 50-feet in length. Comparisons of the 
relative efficiency of the various design and plot size arrangements 
with randomized block designs were made. 
2. Grain yield and tillering data obtained in I960 from a field 
planted to twenty strains of grain sorghum under three planting arrange­
ments, were used to investigate the relative performance of strains in 
20- and 40-inch spaced hills as compared with their performance in con­
ventional drilled row plantings. In addition, individual-hill grain 
yields from both types of plots were used for simulated uniformity trial 
analyses to estimate the optimum size of hill-plots for yield testing. 
3. Relative information, Smith's (33) regression method, and a 
modified maximum curvature technique were used to determine the optimum 
plot size for testing yield in drilled plots and in 20- and 40-inch 
hill-plots. Among plot variances and coefficients of variability were 
calculated for plots of different sizes and were used to study the effects 
of drilled plot shape upon estimates of error variance. It was concluded 
that where equal numbers of basic plot units were used, the widening of 
drilled plots (up to and including four rows wide) was equally as effective 
55 
for reducing experimental error as was the lengthening of plots. A 
study of optimum shape for hill-plots was not considered feasible from 
the simulated hill-plot uniformity data. 
4. The optimum size for drilled plots was estimated to be approx­
imately three to four basic units, i.e. 15 to 20 feet of row, when Smith's 
equation for calculating plot size from uniformity data was used. The 
optimum size for both 20- and 40-inch hill-plots was estimated to be 
around two to three hills. However, if coefficients of variability com­
parable in magnitude to those commonly obtained in conventional 20 to 
25 foot drilled row plots are desired, hill-plots of 10 or more hills 
each would be required. Similer estimates for optimum size of plots were 
obtained using the modified maximum curvature technique. Derivation of 
the technique and the mechanics of its use are discussed. 
5. The tendency for strains to rank in similar order for grain 
yield in 40-inch hill plantings and in drilled row plantings suggested 
that hill plots consisting of ten hills, spaced 4O-inches apart, with two 
plants per hill, should be useful for preliminary screening of experi­
mental strains. Twenty-inch hill-plots were found to give better estimates 
of the maximum yield potential of strains than did the 40-inch hill-plots, 
but in relation to the yield evaluations from drilled plots they gave an 
unacceptable comparison of relative yield among a group of strains. 
6. After drilled- and hill-plot yields were coded to a comparable 
land basis it was found that most strains had higher yields in 20-inch 
hill plots than under conventional drilled row plantings, and that yields 
were lowest for all strains when 40-inch hill-plots were used. It was 
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concluded that any specific planting arrangement likely would not allow 
for the maximum expression of yield for all strains being evaluated, and 
that additional investigations might well lead to other planting arrange­
ments which would allow greater expression of the yield potential of 
specific strains. 
7. When lattice designs were imposed upon drill-plot uniformity 
data, it was observed that the use of certain lattice designs resulted 
in appreciable gains in relative efficiency, when imposed upon yield data 
from the more variable areas of the experimental field. However, average 
relative efficiencies for all incomplete block designs imposed over the 
entire area were low. It was concluded that within the realm of designs 
and plot sizes investigated there was no marked justification for the use 
of lattice designs in preference to randomized block arrangements for 
grain sorghum yield testing on fields of at least moderate uniformity. 
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APPENDIX 
Table 11. Estimates of operational costs for conducting a grain sorghum yield test comparable in 
size to the 1959 uniformity test 
Total Percent 
Operation and itemized cost estimate cost of total 
„ b ($) cost Kla 2^ 
Germination of seed, (14-13 flats) 13.50 4.7 4.7 0 
fill flats, 2 hrs. @ $1.50 = $3.00 
count seed, 4 hrs. @ $1.50 = $6.00 
germination count, 2 hrs. @ $1.50 = $3.00 
calculate seeds per pound, 1 hr. @ $1.50 = $1.50 
Planting plan, 1 man, 4 hrs. @ $3.00 12.00 4.1 4.1 0 
Seed packeting, 1 man, 12 hrs. @ $1.50 18.00 6.2 6.2 0 
Land preparation 10.50 3.6 0.6 3.0 
1 man (plow, disk, harrow, mark) 4 hrs. @ $1.50 = $6.00 
2 men (measure, stake, cross-mark) 2 hrs. % $2.25 = $4.50 
Planting, 2 men', 6 hrs. total @ $2.25 13.50 4.7 3.0 1.7 
Thinning, 1 man, 24 hrs. @ $1.50 36.00 12.4 3.2 9.2 
Cultivate and weed 26.60 9.2 1.5 7.7 
cultivate, 6 hrs. @ $1.50 = $9.00 
trim and hand weed, 16 hrs. & $1.10 = $17.60 
Field book, 1 man, 4 hrs. <S $1.50 6.00 2.1 ' 2.1 0 
Field notes 54.00 18.7 15.0 3.7 
heading, every other day for 2 weeks, 7 hrs. @ $1.50 = $10.50 
height and head exertion, 6 hrs. @ $1.50 = $9.00 
other notes, 11.5 hrs. @ $3.00 = $34.50 
Harvest tags, 1 man, 6 hrs. @ $1.50 
Harvesting, 1 man, 24 hrs. @ $1.25 
9.00 3.1 3.1 0 
30.00 10.4 7.0 3.4 
Threshing, 2 men, 8 hrs. each @ $1.25 20.00 6.9 4.9 2.0 
Weigh, bulk seed and test weigh, 1 man, 8 hrs. © $1.50 12.00 4.1 3.6 0.5 
Dumping seed, 1 man, 4 hrs. @ $1.10 
Analysis of data (means for all characters, A.O.V. for yield), 
4.40 1.5 1,5 0 
1 man, 16 hrs. @ $1.50 24.00 8.2 8.3 0 
Total 289.50 100.0 68.8 31.2 
^Proportion of total cost related to number of plots. 
^Proportion of total cost related to size of plot. 
Table 12. Procedure for calculating point of maximum curvature in tenths of a basic unit. 
Estimated equations for 1959 drilled-plot uniformity trial yield data 
Curve B, y = 8.93 
(1 + log x)*8917 
Derivative: g = x(l'^ lÏg X)J-8917 
C" ? = jH&ô 
Derivative: g = ^ 2700 
Values 
of x 
Slope 
(m) 
Tangent 
0 
Values 
of x 
Slope 
(m) 
Tangent $ 
t 
1 -3.4583 
0.5193^  
1 -2.3220 
t t 
2 -I.0512 
0.3162 
2 -0.9634 
3 -0.5516 
0.1650 
3 -O.5747 
4 -0.3543 
0.0925 
4 -0.3989 
5 -0.2535 
0.0567 
5 -0.3015 
6 -0.1940 
0.0990 
• 6 -0.2386 
10 -0.0932 10 -0.1242 
1.0 -3.4533 
0.2569^  
1.0 -2.3220 
-f 
1.5 -I.6952 1.5 -1.3904 
0.2315' 
-0.9635 2.0 -I.0512 2.0 
Largest tangent 0. 
t Region of maximum curvature . 
0.4197 
0.2502 
0.1430 
0.0869 
0.0587 
0.0883 
0.2203' 
0.1825 
t 
Table 12 (Continued). 
Curve B, y 8.93 Curve C, y 8 .60 
(l + log x)•891? x0 .2700 
Derivative: 
dy 3.4683 
Derivative: 
-2.3220 
dx 
x(l + log x)1 .8917 dx " x1.2700 
Values 
of x 
Slope 
(m) 
Tangent 
0 
Values 
of x 
Slope 
(m) 
Tancent 
1.5 
1.6 
t 
1.7 
1.8 
1.9 
2.0 
-1.6952 
-1.5275 
-1.3702 
-1.2485 
-1.1601 
-1.0512 
0.04672 
o.050861 
0.04439 
0.03611 
0.04906 
1.0 
t 
1.1 
1.2 
1.3 
1.4 
1.5 
-2.3220 
-2.0549 
-1.8429 
-1.6586 
-1.5176 
-1.3904 
0.04628^  
0.04429 
0.04543 
0.04009 
0.04090 
f Largest tangent <f>. 
-f- Region of maximum curvature. 
Table 13. Estimates of operational costs for conducting a grain sorghum yield test comparable in 
size to the I960 simulated uniformity test, using 20-inch spaced hill-plots 
Operation and itemized cost estimate 
Total 
cost 
(*> 
Percent 
of total 
cost K, K, 
Germination of seed (3-4 flats) 
fill flats, 2/3 hr. @ $1.50 = 
count seeds, 1 l/2 hrs.® $1.50 : 
germination count, 2/3 hr. @ $1.50 : 
calculate seeds per pound, 2/3 hr. © $1.50 : 
Planting plan, 1 man, 2 hrs. @ $3.00 
Seed packeting, 0 cost, no packeting required 
Land preparation 
1 man (plow, disk, harrow, mark) 4 hrs. © 
2 men (measure, stake, cross-mark) 2 hrs. @ 
Planting, 4 men, 23 hrs. total © $2.25 
Thinning, 1 man, 9 hrs. total © $1.50 
Cultivate and weed 
cultivate, 6 hrs. © $1.50 
trim and hand weed, 7 hrs. © $1.10 
Field book, 1 man, 2 hrs. © $1.50 
Field notes 
heading, every other day for 3 weeks, 
height and head exertion, 
other notes, 
Harvest tags, 1 man, 2 hrs. © $1.50 
Harvesting, 1 man, 6 hrs. © $1.25 
Threshing, 2 men, 3 hrs. each © $1.25 
Weigh, bulk seed and test weigh, 1 man, 3 2/3 hrs. 
Dumping seed, 1 man, ll/2 hrs. © $1.10 
Analysis of data, (means for all characters, A.0.1 
1 man, 6 hrs. © $1.50 
$1.00 
$2.25 
$1.00 
$1.00 
$1.50 = $6.00 
$2.25 = $4.50 
$9.00 
$7.70 
8 hrs. 
5 hrs. 
12 hrs. 
5.25 
6.00 
0 
10.50 
51.75 
13.50 
16.70 
© $1.50 = $12. 
© $1.50 = $ 7. 
@ $3.00 = $36. 
3.00 
55.50 
2.7 
3.1 
0 
5.3 
26.4 
6.9 
8.5 
1.5 
28.3 
00 
50 
00 
2.7 
3.1 
0 
0.9 
6.6 
1.7 
1.4 
1.5 
18.4 
0 
0 
4.4 
19.8 
5.2 
7.1 
0 
9.9 
3.00 1.5 1.5 0 
7.50 3.8 1.9 1.9 
7.50 3.8 2.7 1.1 
> $1.50 5.50 2.8 2.5 0.3 
1.65 0.8 0.8 0 
for yield), 
" 9.00 4.6 4.6 0 
Total 196.35 100.0 50.3 49.7 
^Proportion of total cost related to number of plots. 
^Proportion of total cost related to size of plot. 
Table 14. Estimates of operational costs for conducting a grain sorghum yield test comparable in 
size to the I960 simulated uniformity test, using 40-inch spaced hill plots 
Total Percent 
Operation and itemized cost estimate cost of total rv a T_ b ($) cost Ki k2 
Germination of seed (3-4 flats) 5.25 3.6 3.6 0 
fill flats, 2/3 hr. @ $1.50 = $1.00 
count seeds, 1 l/2 hrs. @ $1.50 = $2.25 
germination count, 2/3 hr. @ $1.50 = $1.00 
calculate seeds per pound, 2/3 hr. @ $1.50 = $1.00 
Planting plan, 1 man, 2 hrs. @ $3.00 6.00 4.1 4.1 0 
Seed packeting, 0 cost, no packeting required 0 0 0 0 
Land preparation 10.50 7.2 1.2 6.0 
1 man (plow, disk, harrow, mark) 4 hrs. @ $1.50 = $6.00 
2 men (measure, stake, cross-mark) 2 hrs. @ $2.25 = $4.50 
Planting, 4 men, 11 hrs. total (8 $2.25 24.75 17.1 6.8 10.3 
Thinning, 1 man, 6 hrs. total @ $1.50 9.00 6.2 2.2 4.0 
Cultivate and weed 11.50 7.9 1.3 6.6 
cultivate 4 hrs. @ $1.50 = $6.00 
trim and hand weed, 5 hrs. @ $1.10 = $5.50 
Field book, 1 man, 2 hrs. @ $1,50 3.00 2.1 2.1 0 
Field notes 43.50 30.0 22.5 7.5 
heading, every other day for 3 weeks, 6 hrs. @ $1.50 = $9.00 
height and head exertion, 3 hrs. @ $1.50 = $4.50 
Other notes, 10 hrs. @ $3.00 = $30.00 
Harvest tags, 1 man, 2 hrs. @ $1.50 = $3.00 3.00 2.1 2.1 0 
Harvesting, 1 man, 4 hrs. @ $1.25 = $5.00 5.00 3.4 2.0 1.4 
Threshing, 2 men, 3 hrs. each @ $1.25 
. @ $1.50 
7.50 5.2 3.6 1.6 
Weigh, bulk seed and test weigh, 1 man, 3 2/3 hrs 5.50 3.8 3.4 0.4 
Dumping seed, 1 man, 1 l/2 hrs. @ $1.10 1.65 1.1 l.l 0 
Analysis of data (means for all characters, A.O.V . for yield), 
1 man, 6 hrs. @ $1.50 9.00 6.2 6.2 0 
. Total 145.15 100.0 62.2 37.8 
^Proportion of total cost related to number of plots. 
^Proportion of total cost related to size of plot. 
Table 15. Procedure for calculating point of maximum curvature in tenths of a basic unit. 
Estimated equations for simulated 20-inch hill-plot uniformity trial yield data, i960 
Curve E, y 
24.4 
Curve F, y 
23.1 
(1 + logx)1'0814 ~ x0.3181 
Derivative : ÉZ . dx 
-11.4595 
x(l + log x)2 .0814 
Derivative : 
dy -7.3481 
dx X1.3181 
Values 
of (x) 
Slope 
(m) 
Tangent 
P 
Value s 
of (x) 
Slope 
(m) 
Tangent 
0 
1 
2 
f 
3 
4 
5 
6 
10 
-11.4595 
- 3.3120 
- 1.6952 
- 1.0750 
- 0.7599 
- 0.5759 
- 0.5730 
O.2Ô92 
0.2444^  
0.2197 
0.1734 
0.1280 
0.0022 
1 
2 
t 
3 
4 
5 
6 
10 
-7.3481 
-2.95IO 
-1.7249 
-1.1814 
-0.8811 
-0.6932 
-0.3533 
0.1938 
0.2013^  
0.1789 
0.1471 
0.1167 
0.2730 
1.5 
2.5 
- 5.4517 
- 2.2828 
0.2357 
1.5 
t 
2.5 
-4.2971 
-2.1948 
0.2015^  
 ^Largest tangent <f). 
~f~ Region of maximum curvature. 
Table 15 (Continued). 
24.4 
Curve E, y = 
" (1 + log x)1.0814 Curve F, y ~ x0.3181 
Derivative: ÛZ dx -11.4595, 
x(l + log x)2-,0814 
Derivative: 
dy -7.3481 
dx ~ X1.3181 
Values Slope Tangent Values Slope Tangent 
Of (X) y (m) 0 of (x) (m) ? 
2.0 -3.3120 
0.1202 
1.5 -4.2971 
0.0984 
2.5 -2.2828 
0.1207^  
2.0 -2.95IO ifc 
t f 0.1012' 
3.0 -1.6952 2.5 -2.1948 
2.5 -2.2828 
0.03724^  
. 2.0 -2.95IO 
t 0.02061 
2.6 -2.0696 
0.01111 
2.1 -2.7624 
0.01994 
2.7 -2.0122 
0.02439 
2.2 
-2.5993 
0.02012 
2.8 -1.8948 
0.02476 
2.3 -2.4510 
0.01991 
2.9 -I.7905 2.4 -2.3180 
0.02125 0.02362 t 
3.0 -I.6952 2.5 -2.1889 
f Largest tangent 0. 
f" Region of maximum curvature. 
Table 16. Procedure for calculating point of maximum curvature in tenths of a basic unit. 
Estimated equations for simulated 40-inch hill-plot uniformity trial yield data, I960 
Curve H, y 
19.9 
Curve I, y 
19.2 
(1 + log x)'8243 ~ x0.2399 
Derivative: 
dy -7.1241 
Derivative: dy -4.6061 
x(l + log x)^ * 8243 dx x1.2399 
Values 
of (x) 
Slope 
(m) 
Tangent Value s 
of (x) 
Slope 
(m) 
Tangent 
1 
t 
2 
3 
4 
5 
6 
10 
-7.1241 
-2.2056 
-1.1660 
-0.7539 
-0.5397 
-0.3980 
-0.2012 
0.2943^  
0.2911 
0.2193 
0.1522 
0.1166 
0.1822 
1 
f 
2 
3 
4 
5 
6 
10 
-4.606I 
-1.9517 
-1.1780 
-0.8255 
-0.6258 
-0.4996 
-0.264? 
0.2657^  
0.2345 
0.1787 
0.1317 
0.0961 
0.1309 
t ' 5  
2.5 
-3.5268 
-1.5487 
0.3061^  
1.5 
2.5 
-2.7916 
-1.4810 
0.2553 
"f7 Largest tangent 0. 
f~ Region of maximum curvature. 
Table 16 (Continued). 
Curve H, y 
19.9 , 
Curve I, y 
19.2 
(1 + log x)"8243 
" xO.2399 
Derivative : 
dy -7.1241 
Derivative: 
dy -4.606l 
dx x(l + log x) 1.8243 dx - *1.2399 
Values Slope Tangent Values Slope 
of (x) (m) 0 of (x) (m) 
1.5 -3.5268 1.0 -4.606I 
t 0.1505^  t 
2.0 -2.2056 
0.1488 
1.5 -2.7916 
2.5 -1.5487 2.0 -I.9517 
1.5 • -3.5268 
0.03028 
1.0 -4.606I 
1.6 -3.1592. 
0.02845 
1.1 -4.0943 
1.7 -2.8726 4 1.2 -3.6731 
t 0.03170r 
1.8 -2.6038 
0.03035 
1.3 
t 
-3.3281 
1.9 -2.3850 
0.02866 
1.4 
-3.0343 
2.0 -2.2056 1.5 -2.7916 
Tangent 
0.1309 
0.1303 
f 
0.02577 
0.02626 
0.02609 
0.0264?" 
0.02563 
 ^Largest tangent 0. 
~f~ Region of maximum curvature. 
Table 17. Grain yields in ounces of basic 
Range No. 1 2 3 4 
1 23.2 29.7 27.4 29.1 
2 36.0 30.6 28.7 31.9 
3 38.5 36.5 32.7 37.1 
4 39.7 35.7 39.3 33.3 
5 38.3 37.6 35.3 34.8 
6 33.3 35.8 35.0 35.3 
7 37.7 4o.9 36.9 37.2 
8 46.6 41.1 33.9 35.1 
9 34.8 30.6 32.7 34.8 
10 45.2 37.4 29.5 36.1 
11 41.8 37.7 33.9 38.9 
12 41.8 36.0 36.1 34.2 
13 • 24.6 39.1 28.2 33.5 
14 40.9 39.3 30.5 36.5 
15 44.1 38.0 32.4 38.1 
16 41.0 30.7 29.3 33.7 
17 35.7 35.6 30.7 34.8 
18 40.0 31.2 28.2 34.1 
19 32.5 33.5 30.5 30.3 
20 44.1 28.2 29.5 39.0 
21 40.1 37.5 28.1 31.3 
22 38.4 30.6 33.4 34.0 
23 39.7 33.6 31.9 35.0 
24 39.4 31.8 30.6 34.8 
plots, 1959 drill-plot uniformity trial 
Row number 
5 6 7 8 9 10 11 12 
28.0 
35.2 
37.0 
39.7 
39.3 
34.4 
37.3 
35.8 
37.7 
30.4 
40.5 
30.1 
30.3 
32.7 
30.9 
31.6 
27.4 
32.3 
33.5 
32.8 
33.1 
33.5 
35.1 
31.9 
33.8 
30.7 
38.2 
35.9 
41.0 
38.5 
37.2 
41.1 
39.5 
35.6 
30.4 
38.3 
36.4 
35.7 
35-5 
28.2 
33.1 
33.6 
29.6 
32.3 
33.3 
33.7 
33.3 
33.3 
28.8 
32.9 
38.8 
29.1 
34.5 
41.8 
34.4 
39.3 
38.5 
31.2 
32.7 
33.3 
38.2 
33.9 
32.3 
32.0 
30.9 
38.0 
27.8 
32.4 
36.6 
32.9 
36.5 
31.9 
32.2 
34.5 
37.7 
40.6 
35.1 
37.5 
39.0 
41.8 
31.5 
36.1 
37.3 
38.5 
40.3 
32.5 
34.4 
32.4 
35.0 
30.1 
34.6 
34.5 
31.9 
34.2 
36.9 
37.3 
23.6 
33.7 
40.0 
29.5 
38.5 
37.9 
36.9 
38.1 
36.5 
33.3 
34.1 
36.6 
33.1 
33.6 
30.6 
35-3 
29.4 
30.9 
31.6 
28.1 
31.4 
36.6 
30.5 
34.6 
28.4 
36.7 
36.2 
40.6 
34.1 
37.9 
37.7 
38.5 
39.3 
38.3 
35.8 
37.6 
38.0 
34.2 
33.1 
30.6 
32.5 
31.1 
31.4 
34.9 
31.0 
35.2 
31.0 
34.0 
23.9 
36.3 
35.6 
33.7 
27.8 
37.2 
40.1 
36.6 
40.3 
33.4 
33.6 
37.1 
37.4 
34.6 
35.6 
32.8 
35.7 
32.0 
30.8 
32.6 
34.2 
29.0 
32.2 
33.3 
26.9 
32.1 
37.2 
33.0 
36.4 
34.0 
4o.9 
35.6 
33.6 
37.3 
36.8 
32.2 
41.6 
32.7 
34.5 
35.9 
33.5 
31.6 
29.7 
33.0 
35.0 
33.0 
36.8 
32.3 
Table 17 (Continued). 
Range No. 1 2 3 4 
25 40.1 35.3 31.4 33.9 
26 40.8 34.1 28.4 34.2 
27 38.8 30.9 26.9 31.9 
28 39.2 33.8 33.0 36.1 
29 37.3 35.5 34.0 29.6 
30 42.1 34.0 30.4 35.3 
31 41.8 32.3 30.6 35.3 
32 39,4 34.9 29.7 32.1 
33 39.5 35.1 32.0 34.5 
34 32.8 30.3 32.7 36.0 
35 46.8 31.7 32.7 33.6 
36 38.5 32.7 26.7 35.9 
37 39.3 32.3 27.5 34.3 
38 39.0 35-3 32.9 33.3 
39 34.5 34.8 32.7 33.6 
40 44.1 37.1 31.3 32.7 
41 40.4 38.0 34.2 27.9 
42 36.7 35.7 32.5 28.1 
43 40.0 33.4 32.4 30.6 
44 41.4 33.1 3l.o 34.5 
45 37.9 32.5 30.9 30.7 
46 41.5 34.3 31.6 31.7 
47 41.1 34.8 30.6 34.7 
48 25.0 29.7 36.3 33.7 
Row number 
5 6 7 8 9 10 11 12 
27.6 
31.9 
32.3 
32.9 
35.3 
33.6 
32.8 
31.4 
30.7 
32.3 
33.9 
31.3 
29.7 
31.5 
33.8 
32.5 
32.2 
32.0 
31.8 
30.6 
30.6 
34.4 
33.9 
33.6 
38.9 
30.3 
33.6 
32.7 
35.6 
36.6 
36.3 
31.3 
29.5 
30.2 
34.3 
34.2 
34.6 
32.7 
34.7 
29.0 
35.4 
35.1 
32.1 
36.7 
30.4 
36.9 
33.0 
35.7 
33.5 
30.4 
30.3 
30.3 
31.4 
30.3 
30.5 
32.9 
31.3 
31.6 
34.0 
28.1 
26.3 
27.6 
31.0 
28.2 
31.3 
32.6 
29.9 
29.2 
33.8 
29.5 
26.8 
32.9 
32.8 
.33.1 
35.9 
28.0 
29.2 
33.2 
30.0 
34.8 
36.1 
29.8 
33.9 
33.0 
34.5 
32.4 
34.4 
33.1 
36.0 
31.8 
36.6 
33.3 
35.6 
35.7 
35.0 
33.0 
27.4 
37.3 
29.8 
28.1 
27.9 
33.7 
28.1 
29.7 
28.1 
20.5 
29.1 
27.8 
29.9 
27.9 
28.4 
29.3 
31.9 
31.5 
31.1 
29.9 
31.7 
31.5 
31.9 
32.6 
36.1 
29.2 
31.9 
34.0 
31.5 
29.9 
33.0 
35.9 
31.5 
34.1 
28.8 
36.9 
28.1 
27.4 
27.1 
31.2' 
29.9 
27.5 
29.2 
31.8 
32.5 
27.5 
31.8 
30.1 
37.7 
31.5 
32.0 
36.3 
35-5 
33.0 
33.4 
33-7 
33.3 
32.9 
37.0 
26.4 
33.4 
34.1 
30.5 
31.8 
37.0 
33.3 
32.1 
33.9 
31.6 
32.3 
32.8 
31.9 
29.7 
32.4 
36.3 
31.9 
36.0 
30.9 
32.8 
35.1 
33.6 
35.5 
29.0 
36.4 
32.9 
29.6 
34.6 
32.7 
32.1 
30.7 
34.5 
28.7 
32.8 
33.7 
32.4 
34.0 
Table 17 (Continued)„ 
Row number 
Range No. 1 2 3 4 5 6 7 8 9 10 11 12 
49 • 4l.6 34.3 34.2 3*3.1 29.9 32.5 28.3 35.3 31.0 32.1 35.7 32.9 
50 37.2 37.9 31.5 31.9 33.8 33.3 29.9 32.3 29.9 32.8 33.5 35.3 
51 26.7 33.2 35.9 32.4 29.5 36.1 30.8 34.7 30.4 33.6 29.0 32.8 
52 29.3 31.6 32.3 34.8 29.4 35.2 35.2 36.0 33.5 33.6 29.5 34.6 
53 42.8 31.7 36.5 35.7 34.9 29.0 35.5 32.1 31.1 31.7 28.9 32.8 
54 38.2 36.1 33.4 30.9 31.4 34.7 27.8 29.0 29.2 29.3 31.6 31.9 
55 45.4 37.6 34.7 33.6 32.4 33.5 28.7 34.2 30.0 31.7 34.2 31.8 
56 39.8 32.8 35.6 32.8 31.0 32.9 30.8 32.3 32.2 32.7 34.0 33.7 
57 41.8 31.8 3l.l 28.9 29.2 31.8 31.6 30.0 30.4 28.1 33.5 29.9 
58 43.3 32.3 37-7 30.6 28.5 33.5 26.7 32.4 36.9 33.1 33.6 31.6 
59 39.4 31.6 35.3 33.3 33.3 34.0 33.0 34.5 34.1 34.2 30.4 31.6 
60 36.5 37.7 32.5 34.6 36.8 34.8 33.5 34.6 34.8 33.2 29.8 31.2 
Table 17 (Continued). 
Range No. 13 14 15 16 
1 27.8 25.4 31.1 30.2 
2 38.0 28.6 38.8 34.3 
3 35-5 35.3 36.5 34.8 
4 29.0 29.5 32.7 23.5 
5 38.7 35.8 40.0 32.9 
6 34.7 30.9 34.8 35.5 
7 . 41.4 35-7 37.9 34.0 
8 31.6 26.2 36.6 31.3 
9 32.9 30.2 38.4 35.9 
10 38.6 38.0 40.2 34.0 
11 36.2 37.3 36.2 35.4 
12 26.4 35.9 38.1 29.3 
13 39.5 33.4 36.5 29.8 
14 29.7 37.6 37.1 34.2 
15 29.9 31.5 33.5 35.8 
16 32.5 31.2 35-4 33.0 
17 • 31.9 32.5 30.0 32.2 
18 33.3 27.6 34.8 30.3 
19 32.5 31.8 34.3 33.3 
20 33.5 30.4 35.6 33.5 
21 24.8 29.3 35.4 34.8 
22 32.2 34.5 33.9 29.7 
23 32.7 23.1 34.0 31.0 
24 32.7 28.2 28.7 30.2 
Row number 
17 18 19 20 21 22 23 24 
34.5 
33.3 
30.7 
34.3 
33.8 
35-4 
35.4 
36.7 
29.9 
35-7 
33.7 
32.0 
30.0 
29.9 
33.0 
29-0  
27.6 
33.6 
33.8 
31.6 
31.7 
32.6 
30.6 
29.8 
33.4 
33.5 
38.9 
31.9 
35.0 
38.1 
37.1 
36.6 
30.0 
36.0 
38.6 
35.3 
33.7 
36.0 
36.2 
33.4 
32.4 
31.5 
33.1 
32.2 
29.7 
32.3 
31.9 
28.4 
29.0 
37.9 
37.9 
37.2 
34.2 
39.2 
31.5 
31.7 
32.6 
33.3 
35-0 
34.0 
31.7 
35.7 
33.0 
35.6 
31.6 
33.2 
37.1 
31.6 
34.3 
35.9 
30.1 
32.8 
30.4 
31.3 
32.1 
40.1 
26.3 
32.0 
32.7 
34.7 
32.3 
36.6 
40.0 
. 26.7 
34.8 
29.0 
31.0 
30.2 
33.1 
30.1 
33.4 
34.1 
34.5 
31.4 
35.0 
29.5 
33.8 
31.3 
35.8 
34.2 
36.7 
33.8 
33.8 
31.0 
35.8 
30.3 
36.4 
32.7 
32.7 
34.8 
32.6 
28.6 
27.0 
34.1 
31.3 
32.0 
29.1 
34.2 
30.6 
31.2 
29.6 
38.3 
38.6 
35.9 
38.6 
32.7 
37.1 
38.6 
38.5 
39.0 
38.6 
38.6 
33.6 
36.7 
38.3 
32.9 
35.3 
35.9 
32.5 
32.9 
36.3 
30.3 
35.6 
32.9 
31.6 
36.0 
35.9 
34.9 
32.4 
38.8 
23.2 
36.1 
33.9 
36.3 
32.5 
32.7 
37.2 
30.7 
33.8 
29.6 
31.2 
29.3 
34.9 
33.7 
27.2. 
31.4 
33.9 
33.4 
30.2 
32.9 
30.4 
30.2 
26.8 
29.4 
32.7 
34:3 
33.8 
34.3 
33.0 
33.5 
33.3 
38.7 
32.3 
31.6 
30.6 
28.6 
29.3 
30.9 
26.8 
31.2 
28.3 
28.7 
Table 1? (Continued). 
Range No. 13 14 15 16 17 
25 31.3 30.5 37.4 34.3 28.7 
26 29.1 31.9 39.0 32.7 32.9 
27 32.7 27.5 34.3 35.2 34.3 
28 31.3 31.5 33.7 33.4 33.6 
29 32.5 32.5 38.5 31.7 34.0 
30 34.9 37.6 31.7 31.9 31.2 
31 34.7 23.1 39.6 34.9 35.1 
32 30.5 34.2 35.7 35-0 33.5 
33 33.5 29.5 36.1 27.2 23.8 
34 32.0 32.9 37-5 33.7 34.4 
35 29.8 29.7 35.9 29.7 29.I 
36 33.1 33.7 30.1 31.9 33.5 
37 30.7 32.9 33.0 32.6 31.2 
38 32.6 29.8 34.3 32.2 30.1 
39 29.2 . 33.9 31.0 34.1 30.7 
40 31.5 29.0 34.8 35.0 31.6 
41 33.5 30.5 38.0 31.9 31.2 
42 31.5 29.0 32.4 29.9 30.6 
43 32.5 29.1 35.9 27.4 33.0 
44 32.3 29.7 38.0 23.6 29.1 
45 25.5 33.4 31.7 29.9 31.7 
46 31.4 31.0 35.8 34.7 26.7 
47 33.3 31.3 35.6 32.9 30.4 
48 30.2 33.1 35.9 30.7 34.7 
Row number 
18 19 20 21 22 23 24 
35.3 
30.5 
33.6 
34.7 
35.1 
34.9 
37.4 
31.4 
34.6 
34.3 
34.6 
33.6 
34.8 
33.2 
33.3 
31.7 
34.1 
31.3 
37-4 
34.1 
36.0 
34.3 
32.9 
34.4 
35.8 
33.9 
32.4 
37.1 
34.2 
32.7 
33.2 
33.4 
33.4 
33.4 
37.2 
32.0 
35.7 
34.4 
32.2 
34.2 
34.2 
34.0 
35.1 
37.7 
33.7 
34.6 
38.8 
32.6 
27.1 
36.5 
29.1 
33.8 
37.1 
30.8 
37.2 
33.9 
28.7 
30.5 
34.1 
30.4 
35.8 
37.3 
26.9 
32.0 
33.1 
30.5 
34.8 
32.1 
29.1 
31.5 
31.6 
34.2 
29.7 
27.2 
30.8 
23.2 
30.7 
33.3 
29.2 
30.0 
34.1 
39.3 
32.7 
30.9 
31.0 
28.7 
30.5 
29.4 
29.9 
31.4 
28.7 
29.7 
30.6 
29.8 
29.0 
33.1 
33.5 
36.2 
36.2 
32.0 
32.4 
37.3 
35.9 
36.9 
36.7 
35.0 
34.1 
35.6 
33.4 
34.1 
35.7 
36.0 
33.4 
34.8 
35.1 
35.3 
32.3 
34.4 
43.2 
35.1 
30.9 
33.3 
29.5 
33.4 
35.8 
31.7 
33.3 
35.0 
32.9 
31.6 
32.4 
26.4 
30.6 
32.4 
34.1 
32.9 
33.0 
32.9 
31.6 
30.2 
34.3 
34.1 
33.2 
36.0 
27.6 
30.4 
28.6 
33.7 
32.0 
34.8 
30.5 
34.9 
32.3 
31.4 
32.6 
26.6 
29.7 
31.4 
2 7.5 
27.8 
28.8 
29.2 
23.0 
25.2 
29.8 
30.7 
27.1 
30.9 
Table 1? (Continued). 
Range No. 13 14 15 16 17 
Row 
18 
number 
19 20 21 22 23 24 
49 32.4 30.8 32.8 29.3 31.2 36.7 34.6 30.4 37.0 39.8 35-5 27.9 
50 30.2 31.7 34.8 31.5 32.4 35.5 37.5 30.5 27.3 36.5 35.1 28.0 
51 27.8 32.3 35.5 33.6 31.6 34.6 31.0 34.0 35.9 34.1 36.7 32.2 
52 28.8 28.4 34.3 28.6 31.7 34.8 34.6 27.2 32.7 39.2 32.1 29.4 
53 34.7 28.9 34.7 31.3 29.6 37.3 35.6 35.1 34.0 29.3 33.2 30.4 
54 28.1 33.5 30.9 33.3 29.1 32.9 34.6 37.0 27.9 35.5 38.2 28.6 
55 32.6 32.1 31.2 28.3 31.6 33.9 31.8 32.4 32.9 34.2 35.7 29.4 
56 31.8 33.2 30.6 23.9 28.6 31.1 36.1 31.1 ' 29.8 37.5 33.2 29.7 
57 33.1 30.0 32.3 34.3 29.8 33.5 37-4 29.4 31.9 34.0 36.7 29.8 
58 33-1 28.8 34.8 28.9 35.5 29.9 33.1 32.5 33.8 33.3 36.1 33.1 
59 30.4 30.4 33.8 33.8 32.4 36.2 32.2 32.4 32.3 32.7 36.2 27.8 
60 33.4 26.2 34.2 34.8 26.3 26.7 29.7 27.9 25.2 32.4 29.5 31.3 
Table 17 (Continued). 
Range No. 25 26 27 28 29 
1 30.3 33.9 33.8 29.5 29.6 
2 35.9 35.4 33.4 31.9 38.2 
3 32.6 35.1 32.4 31.4 35.8 
4 33.2 31.6 36.2 33.0 39.0 
5 37.6 29.7 33.4 33.1 32.4 
6 35.1 34.9 35.3 29.6 34.6 
7 32.5 32.1 34.0 33.0. 36.8 
8 38.4 35.4 31.0 35.1 28.5 
9 34.4 31.6 28.0 30.4 33.5 
10 36.4 33.5 33.6 30.1 32.4 
11 33.3 30.1 34.2 31.1 36.6 
12 36.9 33.8 32.6 28.1 31.8 
13 37.6 33.4 32.9 34.9 33.2 
14 28.8 34.8 32.7 36.1 35.0 
15 32.6 29.6 34.3 26.0 32.4 
16 30.7 30.4 33.0 34.5 32.5 
17 31.7 27.0 31.0 25.6 34.4 
18 31.8 35.1 32.3 32.7 31.6 
19 30.5 27.1 34.1 28.0 31.9 
20 32.8 29.9 31.0 30.6 39.3 
21 33.3 25.5 32.0 32.5 31.6 
22 25.9 30.5 28.7 25-5 32.4 
23 33.3 32.1 33.1 23.4 32.2 
24 33.1 21.8 32.9 25-5 25.5 
Row number 
30 31 32 33 34 35 36 
30.4 
31.7 
33-4 
34.1 
35.3 
33.9 
33.4 
32.2 
31.1 
34.8 
33.7 
34.7 
31.9 
35.9 
26.9 
30.4 
28.8 
30.3 
23.1 
27.6 
30.7 
33.0 
27.8 
24.6 
24.6 
33.7 
33.0 
37.5 
34.0 
31.9 
34.9 
33.6 
32.9 
39.2 
34.5 
33.4. 
37.2 
30.8 
34.5 
32.2 
33.6 
31.2 
31.8 
30.6 
33.0 
31.9 
28.8 
30.6 
27.1 
30.5 
32.8 
37.5 
33.9 
32.7 
35.0 
38.3 
36.5 
37.7 
34.3 
33.5 
27.6 
34.9 
28.2 
31.6 
30.7 
32.7 
33.5 
33.1 
28.3 
30.7 
32.1 
31.1 
25.4 
33.3 
35.1 
35.9 
31.6 
32.5 
28.0 
34.6 
34.3 
33.7 
32.2 
33.8 
32.7 
32.4 
36.3 
34.7 
32.8 
30.1 
30.6 
29.6 
33.4 
32.7 
30.3 
33.8 
24.4 
34.3 
23.5 
37.6 
32.4 
36.7 
31.8 
33.3 
33.7 
35.0 
35.2 
33.4 
36.0 
36.5 
32.9 
34.0 
34.1 
30.6 
30.5 
33.8 
33.5 
32.5 
32.4 
31.6 
31.5 
29.2 
31.8 
31.5 
31.0 
32.3 
29.4 
38.8 
31.9 
35.2 
32.8 
33.4 
30.0 
33.7 
30.6 
32.2 
34.6 
31.6 
30.1 
32.6 
32.1 
33.1 
29.7 
33.7 
28.1 
30.0 
31.9 
33.1 
30.1 
26.3 
28.0 
34.7 
31.9 
28.4 
29.9 
30.2 
31.6 
31.3 
29.2 
28.0 
29.1 
32.7 
30.4 
30.8 
31.6 
33.0 
32.1 
28.4 
Table 1? (Continued). 
Range No. 25 26 2? 28 
25 31.3 30.0 29.0 32.2 
26 32.0 29.4 34.1 26.2 
27 30.6 27.2 30.9 28.8 
28 30.8 31.0 39.9 27.1 
29 34.2 32.8 23.0 29.9 
30 38.0 30.4 32.9 25.1 
31 33.1 31.2 31.4 32.0 
32 34.8 28.0 37.6 33.9 
33 33.7 29.4 32.3 28.8 
34 31.6 29.4 32.6 32.4 
35 36.2 30.2 33.2 28.6 
36 29.5 30.6 23.8 34.5 
37 32.8 31.7 34.8 31.2 
38 26.1 30.9 33.2 29.4 
39 30.4 27.6 30.7 29.9 
40 37.8 29.0 37.0 27.4 
41 32.2 34.7 32.3 29.4 
42 
- 30.3 29.9 30.9 28.8 
43 32.0 31.5 30.9 29.0 
44 28.8 36.1 35.9 28.8 
45 34.5 31.8 29.8 31.8 
46 36.9 32.7 32.3 33.2 
47 33.0 35.5 32.2 31.8 
48 33.7 28.2 26.8 24.2 
Row number 
29 30 31 32 33 34 35 36 
29.8 
30.2 
31.3 
32.3 
32.5 
33.6 
35-4 
33.2 
34.4 
35.2 
35.2 
32.9 
33.9 
35-4 
30.0 
34.2 
34.5 
32.8 
29.8 
38.0 
32.8 
31.2 
28.5 
30.7 
33.5 
30.7 
28.6 
34.8 
33.9 
30.0 
30.6 
32.3 
28.3 
33.0 
28.2 
28.2 
31.4 
23.8 
32.1 
29.4 
32.0 
36.7 
28.1 
33-7 
35.9 
30.0 
28.5 
23.5 
31.5 
28.2 
31.8 
33.3 
40.0 
32.2 
31.6 
33.7 
32.8 
32.5 
25.2 
32.0 
32.8 
35.5 
31.8 
28.0 
31.4 
32.4 
30.1 
33.4 
33.0 
32.2 
29.2 
29.1 
31.4 
30.8 
32.2 
32.1 
30.7 
33.6 
31.0 
32.7 
30.9 
29.0 
29.3 
30.7 
28.0 
33.5 
33.2 
32.8 
29.8 
31.6 
33.7 
33.1 
33.0 
33.1 
29.8 
27.0 
31.0 
32.2 
34.8 
30.9 
32.7 
34.3 
30.0 
34.1 
30.0 
35.2 
30.7 
34.0 
30.3 
32.1 
31.2 
33.1 
34.6 
32.2 
33.0 
35.8 
28.8 
30.2 
32.8 
27.0 
34.7 
31.1 
33.7 
34.5 
36.2 
29.4 
37.8 
32.7 
35.1 
32.3 
33.5 
33.1 
30.5 
33.6 
34.7 
3 6.7 
32.1 
33.5 
35.1 
30.6 
31.2 
35.9 
30.4 
29.6 
34.3 
29.1 
33.3 
33.3 
32.7 
35.5 
33.8 
31.1 
34.8 
33.6 
35.6 
33.0 
34.3 
31.6 
32.7 
32.6 
34.7 
33.0 
33.3 
34.2 
28.6 
29.0 
34.1 
29.5 
29.1 
27.0 
32.4 
33.0 
31.1 
32.2 
28.8 
32.5 
33.5 
35.5 
32.1 
33.0 
2  6 .6  
32.2 
31.7 
26.0 
32.7 
30.4 
32.0 
29.6 
30.2 
32.5 
32.2 
31.0 
Table 17 (Continued). 
Row number 
Range No. 25 26 27 28 29 30 31 32 33 34 35 36 
49 31.4 30.9 27.9 30.2 31.4 38.9 30.2 29.0 23.4 19.4 30.5 29.3 
50 36.2 31.1 32.1 29.3 32.8 29.3 31.7 30.4 27.4 30.7 34.4 31.1 
51 30.6 29.2 29.1 31.8 30.0 32.2 28.5 29.3 36.1 30.9 34.0 28.1 
52 35.3 37.7 29.6 31.0 32.6 36.4 31.9 35.5 32.9 31.5 32.0 29.7 
53 31.4 26.2 27.1 23.4 . 33.1 32.9 33.2 35-5 33.2 31.2 29.8 31.3 
54 31.7 31.8 27.6 26.0 39.2 33.8 33.1 31.5 31.5 29.3 39.1 31.8 
55 34.8 34.0 32.0 32.1 34.0 28.2 31.0 34.3 32.9 30.9 40.8 29.0 
56 32.3 31.1 31.2 29.8 33.2 30.6 30.0 30.5 34.7 32.4 34.6 30.8 
57 34.8 34.0 32.6 34.1 28.5 32.5 31.2 30.6 33.5 35.7 38.7 31.3 
58 33.9 31.8 30.7 27.7 33.7 30.9 34.0 35.1 30.8 33.1 35.9 25.5 
59 29.7 30.4 26.4 29.8 36.7 32.2 27.2 33.6 34.5 36.6 37.4 33-9 
60 33-6 26.3 30.7 30.3 25.I 33.3 32.3 24.5 29.7 30.8 29.8 30.9 
Table 17 (Continued). 
Range No. 37 38 29 40 
1 34.0 31.7 28.6 28.7 
2 34.2 33.9 27.7 28.5 
3 31.1 35.0 34.3 30.7 
4 34.7 31.8 31.6 32.2 
5 34.6 36.4 31.3 32.4 
6 30.3 32.7 36.2 32.8 
7 35.1 33.0 34.1 34.7 
8 30.4 34.5 32.0 32.4 
9 31.6 32.6 36.0 34.0 
10 32.6 33.4 32.1 33.4 
11 33.6 36.6 28.9 31.3 
12 29.4 28.0 33.3 31.9 
13 28.8 36.0 23.1 28.8 
14 34.5 29.5 34.0 29.1 
15 34.5 32.4 28.7 32.6 
16 30.1 30.2 33.1 32.0 
17 32.4 32.2 30.6 29.7 
18 27.8 34.2 32.6 33.5 
19 30.9 32.8 31.2 33.0 
20 32.4 33.7 27.9 36.1 
21 31.2 32.0 33.1 29.5 
22 32.3 30.9 26.9 33.5 
23 28.2 33.0 32.1 29-7 
24 30.4 31.9 32.5 34.5 
Row number 
41 42 43 44 45 46 4? 48 
3^ .2 
32.7 
35.7 
38.4 
33.4 
33.4 
37.8 
36.4 
35.6 
31.3 
29.6 
27.4 
33.6 
35.3 
31.1 
35.2 
35.0 
33.9 
31.2 
35.8 
33.4 
35.4 
34.5 
35.3 
32.5 
34.5 
37.0 
31.5 
39.8 
32.6 
32.8 
28.7 
38.0 
30.7 
33.6 
32.0 
31.1 
35.0 
29.4 
28.8 
35.6 
35.7 
29.6 
37.1 
32.1 
29.6 
34.8 
33.6 
30.9 
38.3 
32.2 
34.1 
32.9 
35.7 
33.1 
30.6  
31.7 
33.5 
34.7 
31-5 
41.0 
34.3 
37.8 
34.6 
35.7 
32.4 
32.3 
35.5 
34.0 
29.3 
33.3 
31.5 
27.8 
33.4 
33.4 
35.7 
32.1 
32.1 
33.1 
37.5 
32.2 
29.3 
33.6 
34.4 
33.5 
3 6.5 
30.8 
-33.8 
35.6 
27.0 
28.8 
31.8 
32.2 
31.1 
34.7 
32.3 
27.9 
27.7 
35.6 
30.9 
37.2 
33.3 
34.3 
34.7 
33.9 
38.7 
31.1 
34.0 
38.8 
33.7 
34.8 
36.1 
33.5 
36.0 
35*3 
35-7 
34.0 
34.7 
33.7 
31.3 
20.8 
36.3 
32.5 
32.8 
36.6 
34.5 
39.8 
32.4 
34.6 
35-5 
34.2 
36.9 
36,9 
30.8 
37.3 
34.3 
34.7 
31.7 
33.9 
31.9 
30.7 
32.9 
35-7 
37.3 
27.5 
28.6 
28.8 
30.8 
29.0 
30.5 
31.0 
34.0 
32.0 
32.0 
26.2 
29.9 
32.1 
34.8 
34.3 
31.0 
32.9 
33.3 
29.5 
32.9 
32.0 
32.1 
31.8 
35.2 
25.2 
31.8 
27.2 
29.3 
30.9 
30.2 
32.2 
31.6 
29.0 
28.8 
30.0 
34.2 
34.5 
38.9 
42.9 
39.6 
42.6 
39.6 
34.4 
36.5 
35.4 
40.8 
40.1 
25.1 
Table 17 (Continued). 
Range No. 37 38 39 40 4l 
25 31.1 32.9 26.4 33.0 32.3 
26 33.4 32.^  30.2 30.0 35.1 
27 30.6 32.9 28.1 28.6 36.7 
28 33.8 31.2 36.0 35.4 25.9 
29 34.4 31.6 33.7 31.0 29.9 
30 36.2 34.3 31.8 31.3 34.8 
31 31.9 35.2 36.6 36.5 34.5 
32 31.9 34.0 36.5 34.4 35.2 
33 31.8 36.9 33.7 34.2 37.7 
34 31.0 35.4 32.1 31.2 31.4 
35 32.4 36.3 32.5 32.8 32.6 
36 34.0 35-6 35.1 30.0 37.9 
37 31.8 35.7 33.4 33.8 31.6 
38 32.2 35.8 32.6 32.9 33.1 
39 34.9 37.0 38.9 31.5 32.7 
40 32.1 38.3 33.8 33.0 33.9 
41 32.7 35.8 32.1 31.0 35.1 
42 31.9 35.6 35.7 30.7 33.4 
43 29.2 34.0 26.6 35.8 31.2 
44 32.4 32.9 29.3 30.9 33.7 
45 29.1 33.5 31.9 ' 32.3 34.7 
46 33.5 35.2 33.7 30.4 34.3 
47 32.4 38.0 33.4 29.7 30.4 
48 33.8 37.1 32.3 31.3 31.9 
Row number 
42 43 44 45 46 47 48 
31.4 
28.0 
31.8 
35-5 
32.1 
31.6 
30.7 
35.0 
32.0 
32.9 
31.8 
32.8 
29.5 
33.3 
31-3 
32.5 
34.9 
33-0 
30.1 
32.0 
34.0 
33.6 
31.6 
32.1 
33.7 
32.9 
32.3 
28.7 
31.4 
29.9 
26.9 
35.2 
37.2 
32.4 
35.5 
35.3 
26.8 
32.1 
32.3 
35.1 
34.7 
38.7 
31.6 
34.7 
36.1 
33.3 
36.4 
35.5 
31.8 
32.4 
30.2 
33.4 
31.2 
28.8 
33.7 
29.8 
33.0 
29.0 
32.1 
31.2 
31.3 
29.8 
33.4 
26.7 
32.8 
29.0 
32.7 
34.0 
31.7 
29.4 
31-5 
31.2 
32.9 
31.7 
33.3 
32.2 
32.4 
34.5 
33.7 
37.2 
34.7 
38.8 
39.8 
34.4 
34.7 
32.0 
33.6 
34.3 
35.1 
35.8 
33.7 
34.2 
30.1 
35.3 
36.5 
30.7 
27.8 
31.8 
33.3 
29.0 
34.8 
33.7 
34.6 
29.3 
34.5 
33.6 
32.2 
31.2 
32.0 
30.0 
30.7 
35.9 
32.7 
34.6 
32.3 
32.7 
32.1 
34.6 
32.6 
37.8 
33.1 
30.3 
31.1 
30.9 
32.8 
31.0 
32.2 
32.9 
29.4 
29.3 
32.2 
32.6 
33.4 
31.0 
30.0 
27.1 
22.7 
30.5 
29.8 
30.5 
29.6 
30.0 
2 6.6 
31.8 
40.4 
36.8 
32.1 
38.0 
27.5 
37.2 
35.0 
39.3 
37.4 
41.3 
41.0 
38.9 
35.6 
36.5 
37.9 
43.5 
31.7 
30.7 
38.9 
31.6 
38.5 
34.3 
35.5 
39.4 
Table 1? (Continued). 
Row number 
Range No. 37 38 39 40 4l 42 43 44 45 46 47 48 
49 • 31.6 37.2 36.3 33.5 35.1 35.6 35.2 32.6 35.0 29.2 31.6 37.1 
50 33.5 33.5 28.3 29.5 34.1 29.1 36.4 31.3 33.6 35.9 28.3 33.7 
51 32.2 34.2 33.7 30.7 33.4 33.4 37.6 34.3 32.9 34.2 32.9 36.8 
52 29.3 33.7 37.5 33.4 33.5 30.8 33.6 27.0 36.5 33.0 32.5 36.0 
53 33.2 28.9 27.9 30.9 39.8 28.3 32.9 32.0 31.0 34.1 33.9 34.7 
54 31.1 35.9 30.8 33.4 30.1 32.9 33.1 32.5 34.9 34.5 33.4 37.1 
55 36.4 35.5 32.3 33.7 29.5 29.6 32.8 31.3 35.1 37.3 33.3 33.7 
56 29.8 37.8 34.0 34.4 34.6 35-4 25.1 31.1 33.4 34.1 31-7 31.7 
57 34.6 36.0 34.9 36.0 37.0 32.7 30.6 31.6 37.1 32.5 29.4 2 7.5 
58 31.3 33.2 32.3 35.8 31.5 34.4 31.9 31.1 32.7 38.1 33.4 34.8 
59 28.0 34.1 34.4 33.2 31.5 34.7 37.6 29.9 37.3 34.4 29.9 31.1 
60 33.0 29.2 35.3 31.7 34.3 32.1 32.9 30.0 30.5 30.3 32.9 33.6 
Table 18. Grain yields in ounces and tiller counts from 20-inch spaced hills, I960 hill-plot 
experiment 
Hill number 
Strain Character 1 2 3 4 5 6 7 8 9 10 
Replicate I 
Norghum Yield 6.7 . 4.4 5.0 3.9 4.5 8.1 5-0 6.3 6.0 5.1 
Tiller no. 6 4 5 3 5 5 5 6 4 4 
Reliance Yield 3.8 4.1 2.6 5.2 4.3 3.8 3.6 3-3 3.9 6.0 
Tiller no. 4 4 3 4 4 3 6 4 3 4 
Martin Yield 5.0 3.8 6.9 5.1 5.2 3.6 4.8 4.2 4.9 5.7 
Tiller no. 2 2 4 3 5 2 3 3 2 3 
Midland Yield 5.4 6.4 6.1 6.9 7.1 4.3 5.2 5.8 4.5 3.9 
Tiller no. 4 2 3 4 4 3 3 3 3 2 
Kafir 60 Yield 5.2 7.0 4.8 5.9 6.3 4.8 4.3 7.6 5.6 6.0 
' Tiller no. 3 3 2 3 4 2 3 3 2 3 
Plainsman Yield . 3.3 4.4 4.4 4.0 5.7 3.7 4.7 4.2 4.3 3.6 
Tiller no. 3 . 4 4 3 4 3 3 4 3 3 
Northrup King Yield 5.2 4.5 5.0 5.2 7.2 6.7 3.9 8.2 6.2 7.5 
3000 .Tiller no. 4 3 4 4 3 4 4 4 4 5 
RS 501 Yield 6.0 5.1 3.3 7.9 7.2 8.3 2.4 7.7 4.3 7.4 
Tiller no. 4 5 3 4 3 4 3 3 2 3 
Dekalb C 44a Yield 5.8 3-1 7.2 6.2 1.4 2.4 6.3 1.6 1.0 2.5 
Tiller no. 4 1 3 4 1 1 3 1 1 1 
Northrup King Yield 4.7 7.6 6.4 4.6 4.4 5.7 5.5 7.4 3.7 7.2 
210 Tiller no. 3 5 3 3 2 2 2 3 2 1 
Texas 601 Yield 5.4 5-1 6.1 5.2 5.8 5.8 6.3 7-1 5.6 5.9 
Tiller no. 3 3 3 2 3 2 3 3 3 3 
RS 608 Yield 7.5 5.6 6.0 7.8 6.2 6.1 4.2 8.5 5.1 6,0 
Tiller no. 3 3 5 4 3 3 2 3 3 3 
Table 18 (Continued). 
Strain Character 1 2 3 
Hill 
4 
number 
5 6 7 8 9 10 
RS 610 Yield 5.0 9.2 5.8 7.0 6.8 7.0 6.4 7.4 6.0 6.0 
Tiller no. 2 3 3 5 . 3 3 3 3 5 4. 
Texas 620 Yield 5.7 6.5 7.5 4.1 8.3 5.7 5.5 7.2 7.5 8.3 
Tiller no. 3 3. 3 2 4 3 3 4 3 3 
DeKalb E 56A Yield 4.5 3.7 4.2 4.3 6.3 5.0 6.2 4.9 3.2 6.1 
Tiller no. 3 2 2 2 4 3 3 3 2 3 
RS 650 Yield 2.6 7.0 5.7 5.7 8.2 6.6 7.1 3.6 9.8 6.3 
Tiller no. 3 3 4 3 5 3 3 3 4 4 
Steckley R 111 Yield 7.2 6.8 10.3 5.9 7.3 8.3 6.5 5.4 4.9 8.0 
Tiller no. 4 3 4 2 4 3 3 3 2 4 
P.A.G. 515-S Yield 5.7 8.4 5.4 3.4 5.8 4.8 6.6 5-4 6.2 8.6 
Tiller no. 3 5 3 3 3 3 4 3 3 3 
Texas 660 Yield 6.9 7-0 6.5 7.0 5.6 6.7 7.1 5-4 5.3 6.4 
Tiller no. 3 4 3 4 3 4 3 2 3 3 
DeKalb F 63 Yield 5.1 6.5 5.5 6.5 3.0 5-5 6.8 7.0 8.1 6.2 
Tiller no. 2 3 3 3 3 2 3 4 3 3 
Replicate II 
Norghum Yield .4.4 4.6 5.2 6.2 5.7 6.1 5.4 1.9 3.2 6.6 
Tiller no. 3 5 4 6 5 6 5 2 3 5 
Reliance Yield 2.2 5.8 5.1 2.1 5.1 3.8 5.1 3.3 3.6 3.3 
Tiller no. 3 5 3 2 5 3 4 3 3 3 
Martin Yield 4.1 5.2 6.3 7.3 4.0 3.1 6.0 4.3 6.7 5.1 
Tiller no. 2 3 3 4 3 2 3 3 4 3 
Table 18 (Continued). 
Strain Character 1 2 3 
Midland Yield 5.5 5.1 5.4 
Tiller no. 3 4 3 
Kafir 60 Yield 5.7 6.3 5.0 
Tiller no. 3 4 3 
Plainsman Yield 6.4 7.7 6.0 
Tiller no. 3 4 5 
Northrup King Yield 3.9 5.6 5.4 
3000 Tiller no. 4 3 3 
RS 501 Yield 4.3 6.2 7.2 
Tiller no. 4 4 7 
DeKalb C 44a Yield 3.3- 5.1 5.0 
' Tiller no. 2 3 3 
Northrup King Yield 4.4 5.1 3.4 
210 Tiller no. 3 2 2 
Texas 601 Yield 5.9 6.5 6.2 
Tiller no. 3 3 3 
RS 608 Yield 4.3' 5.? 7.6 
Tiller no. 2 3 4 
RS 610 Yield 9.1 5.9 6.1 
Tiller no. 3 3 3 
Texas 620 Yield 8.0 6.0 5.6 
Tiller no. 4 4 4 
DeKalb E 56A Yield 5-7 7.7 5.0 
Tiller no. 3 4 3 
Hill number 
4 5 6 ? 8 9 10 
6.2 4.6 6.1 5.5 4.3 5.5 4.2 
3 3 4 3 3 4 3 
4.7 5-4 4.2 3.3 7.1 5.4 5.4 
3 4 2 2 3 3 3 
6.0 4.1 4.5 5.0 5.3 3.0 4.5 
3 3 4 • 4 3 4 3 
6.1 3.5 4.1 4.7 5.5 5.5 3.5 
4 3 2 2 3 4 2 
6.8 7.4 5.4 3.0 8.6 4.1 6.1 
5 3 3 2 7 2 3 
6.5 3.1 4.2 4.8 5.2 5.8 6.5 
4 l 2 3 3 3 3 
5.7 5.7 4.4 4.8 5.9 4.5 5.7 
3 3 2 3 3 3 3 
5.2 4.6 5.7 9.5 3.5 6.7 5.4 
2 3 3 4 2 3 3 
6.3 5.1 5.2 5.2 4.9 8.2 1.2 
4 3 3 3 4 4 1 
4.3 6.1 • 5.4 7.8 5.9 5.4 8.1 
3 3 3 6 3 3 4 
6.2 4.5 5.9 6.8 6.1 4.0 5.3 
3 2 2 3 3 2 2 
5.3 5.4 6.8 5.2 6.7 5.4 5.1 
4 3 3 4 4 3 3 
Table 18 (Continued). 
Strain Character 1 2 3 
RS 650 Yield 7.5' 4.4 5.6 
Tiller no. 4 3 3 
Steckley R 111 Yield 6.5 6.4 4.9 
Tiller no. 3 3 2 
PAG 515-S Yield 3.7 4.8 7.7 
Tiller no. a 2 4 
Texas 660 Yield 5.2 3.8 4.9 
Tiller no. 3 2 3 
DeKalb F 63 Yield 5.2 6.4 2.3 
: Tiller no. 2 3 1 
Replicai 
Norghum Yield 7.9 4.1 3.5 
Tiller no. 8 3 5 
Reliance Yield ' 4.2 1.4 4.5 
Tiller no. 4 2 3 
Martin Yield 3.0 7.1 5.7 
Tiller no. 2 3 3 
Midland Yield 6.2 4.7 4.7 
Tiller no. 5 4 3 
Kafir 60 Yield 6.1 6.1 7.6 
Tiller no. . 2 3 3 
Plainsman Yield 3.7 4.7 5.7 
Tiller no. 2 3 3 
Northrup King • Yield 5.0 5.0 6.7 
3000 Tiller no. 4 3 3 
Hill number 
4 5 6  7 8 9 10 
5.8 4.7 6.5 7.5 5.9 6.4 5.5 
4 2 4 4 4 4 3 
6.3 6.9 5.9 5.9 5.4 5.9 6.3 
4 4 3 4 3 3 3 
3.4 2.5 7.9 6.8 3.0 3.4 6.4 
2 2 4 4 l 1 3 
7.1 6.6 3.6 7.4 6.4 4.4 6.3 
5 3 2 3 4 2 3 
7.9 1.5 10.5 5.5 5.3 8.1 1,4 
3 2 4 2 2 3 1 
[II 
1.2 4.2 3.5 3.6 4.2 5.6 4.4 
3 5 5 4 3 5 5 
1.4 2.4 3.7 3.2 3.6 4.8 1.7 
2 3 3 3 4 3 3 
5.8 4.5 7.7 4.5 6.8 2.3 6.3 
3 2 3 2 3 1 4 
3.0 4.5 3.0 6.9 4.5 5.7 6.9 
2 3 3 4 3 3 4 
7.3 6.9 5.6 5-5 5.6 7.3 5.5 
4 3 3 2 2 3 3 
2.9 1.9 4.4 6.3 5.5 6.5 3.2 
3 3 3 3. 4 4 
3.5 4.2 5.9 5.3 6.5 5.3 5.8 
2 2 4 3 4 3 4 
Table 18 (Continued). 
Strain Character 1 2 3 
Hill 
4 
number 
5 6 7 8 9 10 
RS 501 Yield 8.4 7.5 8.2 9.0 7.5 7.0 7.4 9.9 5.5 9.9 
Tiller no. 4 3 4 3 4 3 3 4 4 4 
DeKalb C 44A Yield 1.5 4.1 3.4 3.1 4.8 6.7 1.8 2.7 3.4 4.5 
Tiller no. 2 4 1 4 2 4 4 1 2 3 
Northrup King Yield 4.2 4.8 7.3 6.7 4.9 6.6 3.9 3.1 6.1 7.1 
210 Tiller no. 3 3 3 4 3 3 2 4 3 4 
Texas 601 Yield 6.2 8.1 6.9 6.7 4.0 7.4 5.9 4.7 7.7 8.0 
Tiller no. 3 4 3 3 2 3 3 2 3 3 
RS 608 Yield 4.8 3.6 5.7 5.0 4.1 7.0 5.2 5.4 6.4 1.7 
Tiller no. 3 3 3 3 3 3 3 3 3 1 
RS 610 Yield 8.9 8.2 7.4 8.4 7.3 10.3 9.1 6.2 7.0 6.7 
Tiller no. 3 4 4 3 4 4 5 4 3 3 
Texas 620 Yield- 9.9 5.9 5.7 5.6 6.2 3.3 4.3 6.1 4.3 6.2 
Tiller no. 3 3 3 3 4 2 2 3 3 3 
DeKalb E 56A Yield 10.3 5.9 6.8 5-5 4.4 4.2 4.7 4.9 5.2 4.0 
Tiller no. 4 3 3 3 2 3 3 3 4 2 
RS 650 Yield 5-2 7.7 5.3 6.2 5.2 5.2 5.0 6.0 5.7 5.6 
Tiller no. 3 4 3 5 -5 4 3 3 3 3 
Steckley R 111 Yield 3.5 5.0 5.1 3.3 8.8 5.5 6.3 6.1 4.8 5-5 
Tiller no. 2 3 3 2 3 2 3 3 3 4 
PAG 515-S Yield 3.9 4.8 2.6 4.7 4.8 6.6 5.5 5.7 6.2 6.5 
Tiller no. 2 4 2 3 3 4 3 4 3 3 
Texas 660 Yield 3.9 4.7 5.8 6.5 5.0 3.9 2.5 6.2 2.8 4.6 
Tiller no. 2 2 3 3 3 2 2 4 1 3 
DeKalb F 63 Yield 4.0 5.8 7.7 6.0 5.7 4.3 6.6 10.0 4.6 9.0 
Tiller no. 2 3 3 2 2 2 3 3 2 3 
Table 19. Grain yields in ounces and tiller counts from 40-inch spaced hills, i960 hill-plot 
experiment 
Hill number 
Strain Character 123456789 10 
Replicate I 
Norghum Yield 12.6 10.8 13.0 10.1 10.1 11.5 12.6 11.3 12.6 13.4 
Tiller no. 11 10 12 10 9 9 11 13 8 11 
Reliance Yield 5.8 7.4 6.4 8.3 5.1 6.1 5.0 6.6 7.3 6.1 
Tiller no. 4 5 6 6 4 6 6 7 7 4 
Martin Yield 7.4 10.0 14.1 14.3 9.2 14.3 14.6 12.0 13.2 12.8" 
Tiller no. 3 - 3 5 5 2 5 4 4 5 5 
Midland Yield 15.8 14.7 11.3 12.4 13.6 17.2 16.1 13.1 7.2 14.4 
Tiller no., 7 • 6 6 4 7 6 6 6 4 5 
Kafir 60 Yield 8.2 7.3 13.2 9.2 8.3 10.3 12.7 10.5 11.0 9.0 
Tiller no. 3 3 5 3 3 4 5 3 3 3 
Plainsman Yield 12.3 • 14.6 13.0 9.0 12.9 14.0 9.2 11.9 14.6 ' 9.0 
Tiller no. 6 ,6 4 4 5 5 3 4 5 4 
Northrup King Yield 11,8 13.9 16.5 11.8 15.9 15-0 12.7 14.5 15.9 13.2 
3000 Tiller no. 6 6 9 5 7 8 6 6 7 5 
RS 501 Yield 10.3 6.4 16.8 15-7 14.3 13.8 16.7 15.5 13.9 10.7 
Tiller no. 9 3 7 8 7 6 7 7 8 6 
DeKalb C 44a Yield 16.1 12.5 12.6 15-8 13.7 16.1 19.7 17.2 15.1 18.4 
Tiller no. 5 5 3 6 3 4 7 5 4 6 
Northrup King Yield 18.8 13.3 18.2 16.5 17.2 18.7 17.4 13.8 15.3 13.7 
210 Tiller no. 7 5 6 6 6 7 6 5 6 6 
Texas 601 Yield 13.9 15*. 8 16.8 16.5 15.5 17-0 16.3 12.9 13.0 15.1 
Tiller no 5 5 6 6 6 5 6 4 3 6 
RS 608 Yield 14.3 16.4 10.0 11.2 14.0 8.7 13.1 10.6 14.7 14.5 
Tiller no. 4 6 3 3 5 2 3 4 6 6 
Table 19 (Continued). 
Strain Character 1 2 3 4 
RS 610 Yield 18.9 11.8 17.8 15.5 
Tiller no. 7 3 6 6 
Texas 620 Yield 18.4 12.3 14.4 10.6 
Tiller no. 5 3 5 4 
DeKalb E 56A Yield 19.9 18.2 17.6 19.7 
Tiller no. 6 7 6 7 
RS 650 . Yield 16.7 17.5 10.4 14.5 
Tiller no. 6 9 3 9 
Steckley R 111 Yield 15-9 16.0 11.6 16.2 
Tiller no. 4 4 3 4 
PAG 515-S Yield 17.7 20.2 21.0 17.5 
Tiller no. 7 6 6 5 
Texas 660 Yield 16.0 15.0 16.5 12.8 
Tiller no. 4 4 5 3 
DeKalb F 63 Yield 16.1 16.7 16.6 14.3 
Tiller no. 4 5 4 4 
Replicat e II 
Norghum Yield 13.2 9.9 12.6 12.5 
Tiller no. 10 9 10 11 
Reliance Yield 7.5 6.8 8.1 7.3 
Tiller no. 6 5 6 6 
Martin Yield 15.5 9.1 16.2 12.4 
Tiller no. 5 4 5 4 
Midland Yield 13.5 13.5 14.5 14.4 
Tiller no. 6 5 6 7 
number 
5 6 7 8 9 10 
15
€
7 13.8 14.4 13.7 12.8 16.6 
6 6 4 5 4 6 
15.7 14.8 13.5 13.6 11.7 14.6 
4 4 3 4 3 4 
16.0 18.2 20.3 16.5 19.9 12.6 
7 7 7 7 7 4 
15.0 15.8 19.9 18.0 16.2 15.7 
5 6 9 6 6 5 
15.8 16.3 22.1 11.4 14.9 5.4 
5 6 6 3 4 1 
17.4 21.7 19.6 17.8 20.4 19.5 
5 6 7 8 5 4 
14.9 14.8 13.9 16.3 19.5 16.1 
7 4 4 5 7 5 
13.5 12.8 20.9 14.9 13.9 21.2 
6 4 6 4 6 6 
12.8 13.2 9.6 11.2 13.1 12.8 
14 10 9 11 3 11 
5.9 7.0 5.3 5.6 7.4 8.5 
4 7 5 4 3 4 
13.4 10.0 10.1 10.9 17.0 12.2 
4 3 3 4 7 4 
14.5 12.2 13.3 8.8 15.2 12.4 
7 3 5 3 8 4 
Table 19 (Continued). 
Strain Character 1 - '2 
Kafir 60 Yield 11.2 11.0 
Tiller no. 4 4 
Plainsman Yield 13.6 16.1 
Tiller no. 6 6 
Northrup King Yield 13.4 15.6 
3000 Tiller no. 6 8 
RS 501 Yield 14.3 14.5 
Tiller no. 6 6 
DeKalb C 44a Yield 18.0 .15.9 
Tiller no. 6 5 
Northrup King Yield 14.6 8.9 
210 Tiller no. 5 2 
Texas 601 Yield 15.1 11.9 
Tiller no. 5 5 
RS 608 Yield 15.7 10.7 
Tiller no. 7 4 
RS 610 Yield 19.2 19.6 
Tiller no. 7 6 
Texas 620 Yield 14.1 9.3 
Tiller no. 3 ' 2 
DeKalb E 56A Yield 10.3 11.2 
Tiller no. 3 4 
RS 650 Yield 16.8 12.0 
Tiller no. 6 4 
Hill number 
3 4 5 6 7 8 9  1 0  
9.8 10.8 12.6 14.6 14.5 9.8 11.3 7. 
3 4 4 5 5 3 4 2 
14.8 17.1 17.1 14.3 10.1 12.6 15.5 13. 
6 7 7 6 5 5 7 5 
16.9 14.9 17.0 11.9 14.4 13.1 12.7 12. 
6 7 6 4 6 6 7 5 
17.0 12.8 15.9 17.6 18.1 15.4 18.1 13. 
12 5 6 7 9 6 7 9 
17.1 16.7 19.3 16.9 19.6 21.0 18.0 14. 
5 5 8 6 7' 8 6 4 
9.0 16.9 15.1 12.1 15.1 14.8 8.4 20. 
4 5 7 3 6 5 2 7 
15.7 16.0 15.8 12.8 15.6 14.7 16.5 16. 
4 4 4 5 4 4 5 5 
15.1 16.0 15.1 15.3 15.1 12.2 15.3 17. 
6 5 6 6 6 4 6 6 
18.6 17.7 16.8 14.2 14.4 15.3 7.0 17. 
7 6 5 4 5 4 2 7 
12.3 12.9 12.0 17.8 8.4 16.6 16.3 12. 
4 3 3 5 2 5 4 3 
8.6 20.2 11.9 17.6 13.9 . 17.1 15.3 15. 
3 7 4 6 8 6 5 6 
13.4 13.6 16.1 13.2 16.2 10.7 16.5 14. 
4 5 6 6 6 3 6 4 
2 
5 
2 
8 
4 
7 
3 
0 
8 
8 
6 
3 
Table 19 (Continued). 
Strain Character 12 3 4 
Steckley R 111 Yield 3.3 17.8 18.6 19.6 
Tiller no. 1 5 7 6 
PAG 515-s Yield 15.3 16.8 17.2 15.4 
Tiller no. 4 5 4 4 
Texas 660 Yield 13.3 16.5 18.3 17.1 
Tiller no. 3 4 5 5 
DeKalb F 63 Yield 3.7 10.5 20.1 10.8 
Tiller no. 2 3 4 3 
Replicate III 
Norghum Yield 10.1 8.4 11.8 8.0 
Tiller no. 10 9 12 9 
Reliance Yield 6.0 4.4 6.6 5.8 
Tiller no. 1 3 7 6 
Martin Yield 8.0 10.9 12.2 8.2 
Tiller no. 4 6 7 3 
Midland Yield 15.3 12.9 11.3 10.6 
Tiller no. 6 7 • 5 5 
Kafir 60 Yield 8.1 20.4 12.2 13.5 
Tiller no. 4 8 5 6 
Plainsman Yield 15.9 13.1 17.3 10.5 
Tiller no. 5 4 7 3 
Northrup King Yield 14.2 14.7 7-9 14.7 
3000 Tiller no. 6 5 4 5 
RS 501 Yield 16.9 15.6 15.0 12.7 
Tiller no. 7 7 6 6 
number 
5 6 7 8 9 10 
13.8 16.6 13.8 
4 4 5 
14.4 19.7 15.5 
3 5 3 
17.8 13.9 18.4 
5 3 6 
8.0 12.3 15.5 
3 3 4 
3.1 9.7 10.0 
8 2 3 
7.1 5.2 6.9 
9 7 5 
8.7 11.1 12.5 
7 3 5 
10.5 14.1 11.8 
4 5 5 
17.5 18.0 13.4 
6 6 4 
14.0 13-3 13.9 
4 4 5 
11.0 13.7 13.2 
4 6 4 
16.4 18.8 8.5 
6 8 3 
14.7 16.3 
5 5 
19.7 16.6 
6 6 
13.7 9.8 
5 3 
14.0 6.5 
7 4 
8.9 7.5 
9 8 
5.7 5.2 
5 5 
6.3 7.2 
5 3 
12.2 15.3 
5 5 
16.3 13.7 
5 4 
15.2 10.7 
6 4 
9.0 7.8 
3 3 
18.4 16.2 
8 6 
15.5 
5 
19.7 
5 
19.0 
6 
15-9 
4 
10.2 
12 
5.3 
6 
10.7 
6 
8.8 
4 
14.2 
4 
12.4 
4 
11.0 
4 
11.4 
5 
Table 19 (Continued). 
Strain Character 1 2 3 
Hill number 
4 5 6 7 8 9 10 
DeKalb C 44a Yield 18.3 17.6 17.4 17.3 15.8 12.9 15.8 16.3 11.9 6.7 
Tiller no. 6 7 4 5 5 4 5 4 5 7 
Northrup King Yield 5.4 11.7 5.3 9.3 13.3 7.1 10.2 13.8 7.4 11.3 
210 Tiller no. 3 4 2 3 5 2 3 . 4 2 3 
Texas 601 Yield 17.2 13.8 9.6 13.2 14.1 14.0 14.7 16.2 8.2 13.6 
Tiller no. 5 4 6 5 5 5 4 4 2 4 
RS 608 Yield 14.9 15.6 12.1 17.5 15.4 15.3 8.5 13.8 17.6 13.8 
Tiller no. 5 6 4 6 5 5 2 5 6 4 
RS 610 Yield 20.2 15.7 15.7 14.4 18.2 17.2 12.5 16.9 10.9 13.0 
Tiller no. 7 5 6 4 5 6 4 5 3 6 
Texas 620 Yield 16.3 17.3 17.9 10.1 17.8 14.3 14.7 15.0 13.4 13.0 
Tiller no. 4 5 6 3 5 5 4 5 6 4 
DeKalb E 56A Yield 11.4 9.8 15.8 11.9 8.7 10.5 14.4 19.0 8.9 11.7 
Tiller no. 5 5 5 5 6 3 3 6 5 8 
RS 650 Yield 16.2 15.9 12.8 15.2 16.0 18.6 14.5 22.4 16.0 15.1 
Tiller no. 6 5 • 6 6 7 6 5 6 7 7 
Steckley R 111 Yield 10.0 10.0 12.3 13.4 10.2 14.6 14.3 9.1 9.5 12.4 
Tiller no. 2 2 3 4 2 3 3 3 6 3 
PAG 515-S Yield 16.5 21.6 15.3 10.5 14.7 18.4 16.5 17.4 16.1 11.8 
' Tiller no. 5 6 5 4 5 5 5 6 5 4 
Texas 660 Yield 7.6 13.4 14.3 14.6 12.6 16.0 12.0 19.5 19.6 11.1 
Tiller no. 3 4 4 4 6 5 3 6 6 7 
DeKalb F 63 Yield 14.0 15.6 14.6 13.2 5.0 10.9 15.4 15.0 15.9 9.8 
Tiller no. 3 4 6 4 2 3 4 3 4 2 
Table 20. Grain yields in ounces for drilled plots, i960 hill-plot experiment^  
Strain Replicate 
1 2 3 
Strain 
1 
Replicate 
2 3 
Norghum 91.2 81.6 '67 .2 Texas 601 152 .8 150, .4 144. 6 
Reliance,- 68.8 73.6 60 .8 RS 608 100 .8 100 .8 104. 0 
Martin 100.8 123.2 100 .8 RS 6-10 102 .4 123 .2 115. 2 
Midland 97.6 126.4 113 .6 Texas 620 102 .4 110 .4 100. 8 
Kafir 60 99.2 110.4 108 .8 DeKalb E56A 107 .2 92 .8 115. 2 
Plainsman 96.0 96.0 96 .0 RS 650 99 .2 120 .0 H
 
H
 
00
 
4 
Northrup King 3000 102.4 94.4 102 .4 Steckley Rill 96 .0 92 .8 116. 8 
RS 501 83.2 110.4 118 .4 PAG 515-S 120 .0 124 .8 124. 8 
DeKalb C44a 94.4 105.6 83 .2 Texas 660 105 .6 123 .2 108. 8 
Northrup King 210 108.8 121.6 118 .4 DeKalb F63 107 .2 91 .2 92. 8 
aA drilled plot consisted of one row 16.66 feet in length. 
